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THE 


IRON  AND  STEEL  INSTITUTE. 


SECTION  L 
MINUTES  OF  PROCEEDINGS. 


4  ANNUAL  MEETING,  1919. 

The  Fiftieth  Annual  Meeting  of  the  Iron  and  Steel 
Institute  was  held  at  the  Institution  of  Civil  Engineers,  Great 
George  Street,  Westminster,  on  Thursday  and  Friday,  May  8 
and  9^  1919,  Mr.  C.  P.  EuaiiNB  Schneideb,  President,  in  the 
Chair. 

The  Minutes  of  the  previous  Meeting,  held  at  the  Institution 
of  Civil  Engineers  on  September  12  and  18, 1918,  were  taken  as 
read  and  signed  as  a  correct  record. 

Appointment  op  Scrutineers  op  the  Ballot. 

Messrs.  Wilson  Cross  (London)  and  6.  Watson  Gray  (Liverpool) 
were  appointed  scrutineers  of  the  ballot  for  the  election  of  new 
members  and  associates,  and  on  the  completion  of  their  scrutiny 
announced  that  the  following  ninety-seven  candidates  for  member- 
ship and  eleven  candidates  for  the  associateship  had  been  duly 
elected  : 
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bord,  C.B.E. 

J.  L.  Haughton,  D.  Han- 
son,    Phoebe     M.     C. 

Routk 
J.  C.  Davies,  Col.  J.  R. 

Wright,  D.  E.  Roberts. 
H.  C.   H.  Carpenter,  Sir 

W.  Beardmore,  Bt.,  A. 

Cooper. 
Lieut.'Col    M.    H.    Bell, 

Major  A.  Dorman,  W.  R. 

Makepeace. 
J.  E.  Hurst,  C.  A.  Edwards. 

W.  Whiteley. 
A.  Campion,  E.  Humbert, 

P.  Harden. 
Sir  R.  A.  Hadfield,  Bt., 

A.  G.  M.  Jack,  F.  W. 

Harbord,  C.B.E. 

Cosmo    Johns,     R.     B. 

Jackson,  A.  Williamson. 
J.  O.  Arnold,  E.  H.  Saniter, 

J.  E.  Stead. 

G.  Ritchie,  J.  C.  Jones, 
D.  Sillars. 

J.  A.  Mathews,  H.  A. 
Pardee,  W.  B.  Brook- 
field. 

Sir  Hugh  Bell,  Bt.,  A. 
Cooper,  Henry  Louis. 

H.  Brearley,  M.  R.  Main- 
price,  A.  W.  Brearley. 

Sir  W.  H.  Ellis,  G.B.E., 
G.  8.  Packer,  M.  E. 
Unwin. 

Frederick  Mills,  F.  W. 
Daw,  G.  Barrett. 

Frederick  Mills,  R.  A. 
Lewis,  F.  W.  Daw. 

N.  IL  Turnbull,  G.  Barrett, 

F.  W.  Daw. 
Frederick  Mills,  G.  Barrett, 

F.  W.  Daw. 
F.  W.   Harbord,  C.B.E., 

W.  R.  Lysaght,  C.B.E., 

Major  W.  H.  Merrett. 
J.  Jefferson,  J.  O.  Arnold, 

A.  McWilliam. 
D.  J.  McAdam,  Jun.,  C.  F. 

W.  Rys,  H.  P.  Tiemann. 
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ELECTION  OF  ASSOCIATES. 


KAMI. 

Addbbss. 

PBOFOSniS. 

Wabanabi,  Saburo 

Tokyo           University, 

Sir  R.  A.  Hadfteld,  Bt., 

Tokyo,  Japan 

L  B.  MiUie,  W.  J. 
Dawson. 

Walker,  Edwin  . 

"  aivedon,*'  10  Tapton 
House  Road,  Sheffield 

J.  E.  A.  Blyde,  A.  Senior, 
M.  Wardlow. 

Wells,  George  William 

155  St.  Lawrence  Road, 

I.  B.  Milne,  W.  J.  Daw- 

Tinsley, Sheffield 

son,  L.  J.  Swift. 

WhJtfeld,          Hubert 

The      University       of 

C.  G.  Atha,  J.  Henderson, 

Edwin,  B.Eng. 

Western      Australia, 
Perth,           Western 
Australia 

E.  C.  Greig. 

Widdas,  Southern 

36     Springfield    Lane, 

J.  S.  G.  Primrose,  H.  S. 

Ipswich 

Primrose,  J.  H.  Lavender. 

\rilliam8,WUliam  Ellis, 

Aeronautical  Inspection 

Sir  R.  A.  Hadfield,  Bt., 

B.Sc. 

Dept.,  Clement's  Inn, 

A.   G.  M.  Jack,  I.  B. 

Strand,          London, 

Milne. 

W.C.  2 

'V^Uiamson,     Thomas 

Bumham,  Pa.,  U.S.A. 

0.  C.  Skinner,  L.  H.  Fry, 

Ogilvie 

H.  V.  Wille. 

Wilson,   CapL   Arthur 

Messrs.  Spear  &  Jackson, 

A.     Good,   G.    E.   Swiior, 

ELingsford 

Ltd.,   Aetna   Works, 
Sheffield 

V.  Proctor. 

Wilson,         Robert 

"The     Nook,"     Ebbw 

Frederick    Mills,    R.    A. 

Martin,  A.M.LE.E. 

Vale,  Mon. 

Lewis,  F.  W.  Daw. 

Woods,  Roland . 

National  Federation  of 

Sir    Hugh    Bell,   Bt.,    B. 

Iron  and  Steel  Mfrs., 

Talbot,  W.  Thomycroft. 

Temple    Bar    House, 

Fleet  Street,  London, 

E.C.  4 

Wooldridge,     William 

134   Appleton  Avenue, 
Pittsfield,         Mass., 

J.  A.  Capp,  J.  W.  Richards, 

John 

F.  Crabtree. 

U.S.A. 

Worrall,  Stanley 

Priory  House,  Sharrow, 

J.   0.  Arnold,  L.  Dufty, 

Sheffield                               B.  W.  Winder. 

Associates. 

Cook,  Maurice    . 

13       Victoria       Place,     C.      A.      Edwards,      W. 

Hartlepool                     i      Whiteley,  J.  H.  Andrew. 

Cooke,  Henry  Aitken  . 

Glen  View,  Court  Sart,     J.  C.  Godsell,  H.  Ecdes, 

Briton  Ferry,  Glam.           R,  P.  Bevan. 

Elcock,         Edward 

18  Tylney  Road,  Park,     J.  H.  S.  Dickenson,  J.  E. 

Wilson 

Sheffield                              Howarth,  H.  Lodge. 

Gresty,  Colin     . 

The    North        Eastern     J.  T.  Dunn,  H.  J.  Young. 

Marine      Engineering 

Co.,  Ltd.,  Wallsend- 

on-Tyne 

Jackson,           Stanley 

6     Whamcliffe     Road,  ,  F.      Atkinson,     A.      W. 

Alexander 

Broomhall          Park, 
Sheffield 

Brearley,  W.  H.  Hatfield. 

Knoyle,        William 

The  Sanctuary,  Loughor, 

J.C.Davies,J.C.God8ell, 

Leonard 

Glam. 

J.  E.  Torbock. 

Lewis,  John  Samuel   . 

35    Pemberton    Street, 

T.    Crosby,    A.    Wright, 

Llanelly 

J.  C.  Godsell. 
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STATEMENT    OF    ACCOUNTS. 


tfkMM. 

ADDBSSS. 

PBOPOSKBS. 

Squire,  Edward  Samuel 

Stephenson,  Harold    . 

llioinas,  Alfred  John 

Leslie 
Wright,  Ronald  Blythe 

4  Hopkin  Street, 
Brynhyfcryd,  Swansea 

4  Toller  IMve,  Toller 
Lane,  Bradford 

45  Neath  Road,  Briton 
Ferry 

97  Scott  Road,  Sheffield 

A.  Hethey,  J.  E.  Torbock, 

J.  C.  GodseU. 
W.   West,   G.   J.   Stock, 

W.  H.  Poole. 
H.  Davies,  A.  R.  Roberts, 

J.  0.  GodseU.                   1 
E.  Dawtry,  F.  Atkinson,  ! 

A.  W.  Brearley. 

The  Sboretary  read  the  Eeport  of  Council  for  the  year  1918, 
which  will  be  found  on  pp.  14-27. 

STATEMENT  OF  ACCOUNTS. 

The  Honorary  Treasurer  (Mr.  Dltyd  Williams),  in 
presenting  the  Statement  of  Accounts  for  1918,  said  the  past 
year  was  not  one  he  could  whole-heartedly  congratulate  himself 
upon.  The  income  side  showed  a  fairly  satisfactory  state  of 
affairs,  as  there  was  an  increase  under  almost  every  separate 
heading  as  compared  with  1917.  The  total,  £5792,  was  £865 
more ;  which,  it  might  be  noted,  was  the  highest  figure  reached 
in  any  year  during  the  life  of  the  Institution.  The  total 
expenditure,  £6128,  exceeded,  however,  that  for  the  previous 
year  by  £926,  and  showed  a  deficit  of  £836  instead  of  a  surplus 
of  £224  as  in  1917.  The  chief  items  constituting  that  increase 
were  the  printing  of  the  Journal,  which  had  increased  by  £648 ; 
salaries,  which  had  increased  by  £246;  stationery,  which  had 
increased  by  £147 ;  and  postage  and  receipt  stamps,  which  had 
increased  by  £82.  In  other  directions  savings  had  been  made, 
the  chief  being  in  the  item  of  contributions  from  the  Institute 
funds  to  other  Societies  for  special  objects.  It  was  possible 
that  the  general  income  of  the  Institute  might,  before  long,  be 
relieved  from  the  strain  of  such  contributions.  The  increases 
were  due  to  war  conditions,  and  had  been  unavoidable.  The 
debt  owing  to  the  bankers  on  account  of  £1000  6  per  cent.  War 
Loan  was  discharged  during  the  year  and  £400  invested  in  5  per 
cent.  War  Bonds ;  otherwise  the  invested  funds  of  the  Institute 
and  of  the  Carnegie  Besearch  Scholarship  Fund  stood  unaltered. 
The  Carnegie  Fund  figures  showed  a  surplus  of  income  over 
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8  BESSEMER  MEDAL. 

expenditure  amounting  to  £479.  There  were  fewer  applications 
for  grants  from  that  fund  during  the  last  few  years,  as  most  of 
those  who  were  entitled  to  make  applications  were  serving  their 
country  in  one  capacity  or  another.  With  the  advent  of  peace 
probably  more  claims  would  t)e  made,  and  the  position  would 
alter.  The  year  had  been  an  anxious  one  for  all  those  who  were 
concerned  with  the  finances  of  the  Institute,  and  he  would  like 
to  testify  to  the  efforts  that  had  unceasingly  been  made  in  the 
direction  of  securing  economy  by  the  Secretary,  Mr.  Lloyd, 
and  his  staff.  In  concluding,  it  might  probably  be  not  unfitting 
to  say  something  concerning  those  members  of  the  staff  who 
had  served  their  country  under  arms.  Mr.  Arthur  Dowd,  who 
came  to  the  Institution  on  leaving  school  twenty-six  years  ago, 
unfortunately  had  not  returned.  After  obtaining  his  discharge 
in  Prance,  and  when  on  the  way  home,  he  was  attacked  by  ill- 
ness and  died  in  hospital.  He  was  sure  the  members  of  the 
Institute  would  extend  their  sympathy  to  his  widow  and  family. 
Mr.  Eichard  Elsdon,  who  was  severely  wounded  in  August  1917, 
had  been  discharged  from  hospital  and  had  returned  to  take 
up  his  duties  as  librarian,  and  to  him  the  members  offered  their 
congratulations. 

The  President  then  moved  the  adoption  of  the  Report  of 
the  Council  and  of  the  Statement  of  Accounts  as  presented 
(see  pp.  2J-81),  the  motion  being  carried  unanimously. 

Bessemer  Medal. 

The  President  then  presented  a  replica  of  the  Bessemer 
Medal  to  Mr.  Auguste  Greiner,  who  attended  on  behalf  of  himself 
and  his  brother,  Mr.  Leon  Greiner,  who  was  unavoidably  prevented 
from  being  present.  He  said  that  just  six  years  ago  the  original 
Medal  had  been  presented  to  the  recipient's  father,  Dr.  Adolphe 
Greiner,  in  recognition  of  his  eminent  achievements  in  the 
metallurgy  of  iron  and  steel.  In  the  year  following  Dr.  Greiner 
had  honoured  the  Institute  by  accepting  the  Presidency.  No 
one  at  that  time  foresaw  the  calamity  which  was  destined  so 
soon  to  overtake  his  devoted  country.  It  was  well  known  to  all 
the  members  how  the  city  of  Li6ge,  and  with  it  the  great  under- 
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BESSEMER  MEDAL.  9 

taking  with  which  Dr.  Greiner  was  associated  so  long,  was  over- 
whebned  early  in  the  war,  after  a  truly  heroic  resistance.  It 
was  also  well  known  how  Dr.  Greiner  had  bravely  faced  the 
storm,  encouraging  others  by  his  own  indomitable  courage, 
and  carrying  on  the  direction  of  the  works  in  the  face  of  unheard- 
of  oppression  and  difficulties,  and  how,  finally,  he  succumbed, 
under  the  burden  of  his  heavy  responsibilities,  and  died  a  victim 
of  the  war  and  of  his  devotion  to  duty.  It  came  to  the  knowledge 
of  the  Institute  that  he  had  been  forcibly  removed  from  his 
home  for  a  time  and  was  treated  as  a  common  prisoner.  His 
residence  was  in  the  meantime  occupied  by  officers  of  the  invading 
army.  On  Dr.  Greiner's  return  he  found  that  various  objects  of 
value,  amongst  which  was  the  Bessemer  Medal,  had  disappeared 
— appropriated,  or  it  might  frankly  be  said,  stolen,  by  some  officer 
of  the  ex-Kaiser ;  a  practice  which  both  Belgians  and  French 
had  good  reason  to  know  was  afterwards  largely  extended 
wherever  the  invaders  set  foot.  The  Council  determined  as  soon 
as  conditions  permitted  to  present  a  replica  of  the  Medal  to  Dr. 
Greiner's  spn,  Mr.  Leon  Greiner,  the  worthy  successor  of  his  father. 
The  new  Medal  differed  from  the  original  in  one  respect  only : 
it  bore  a  brief  inscription  engraved  round  the  edge  recording 
the  history  of  the  former  Medal :  **  A  replica  of  the  Medal  stolen 
by  the  Germans  during  their  unjust  occupation  of  Li6ge,  1914r- 
1918."  In  the  name  of  the  Institute  he  presented  to  Mr.  Auguste 
Greiner  the  copy  of  the  former  Medal,  in  memory  of  his  noble 
father ;  he  begged  him  to  accept  it  for  his  brother  and  himself 
with  the  sincerest  good  wishes  of  the  members  of  the  Institute, 
and  he  trusted  his  brother  might  long  be  preserved  to  carry  on 
the  direction  of  the  establishment  which  Dr.  Adolphe  Greiner 
had  ruled  for  over  a  generation. 

Mr.  Auguste  Greiner,  speaking  in  French,  thanked  the 
President,  Council,  and  Members  for  their  kindness,  on  behalf 
of  himself  and  the  other  members  of  his  family.  He  regretted 
his  brother  had  been  unable  to  attend,  but  promised  to  transmit 
to  him  both  the  Medal  and  the  good  wishes  of  the  Institute,  as 
conveyed  by  its  distinguished  President. 

The  President  said  that,  by  the  ilnanimous  decision  of  the 
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10  FREEDOM  OF  THE  BLACKSMITHS  COMPANY. 

Counca,  the  Bessemer  Medal  for  the  year  1919  had  been  awarded 
to  the  eminent  Italian  metallurgist,  Dr.  Cav.  Federico  Giolitti, 
managing  director  of  the  well-known  firm  of  Messrs.  6io.  Ansaldo 
and  Co.,  Ltd.i  Genoa,  in  recognition  of  his  distinguished  services 
in  the  advancement  of  the  metallurgy  of  iron  and  steel.  Dr. 
Giolitti  was  well  known  to  the  members  on  account  of  his 
important  work  on  the  cementation  and  heat  treatment  of  steel. 
Unfortunately  he  had  been  detained  by  pressing  engagements 
which  had  prevented  his  attendance  that  day,  and  it  was  there- 
fore proposed  to  postpone  the  actual  presentation  of  the  Medal 
to  a  future  occasion. 


Freedom  of  the  Blaoksmiths  Company.^ 

The  Secretary  said  he  had  been  asked  by  the  President  to 
announce  that  the  Council  had  received  from  the  Prime  Warden 
of  the  Court  of  the  Worshipful  Company  of  Blacksmiths  an 
offer  which  was  contained  in  the  following  resolution  passed  at 
a  meeting  of  the  Court  of  the  Company  on  October  8  last : 

"  That  the  freedom  of  the  Worshipful  Company  of  Blacksmiths, 
together  with  a  gold  medal  bearing  the  Arms  of  the  Company 
be  presented  annually  to  a  student  or  to  a  contributor  of  a 
paper  to  the  Iron  and  Steel  Institute.  The  award  will  be 
at  the  discretion  of  the  Council  in  consultation  with  the  Warden 
of  the  Court  of  the  Blacksmiths  Company." 

Dr.  Arthur  Cooper  (Past-President)  announced  that  a 
large  number  of  the  Members  of  the  Council  were  present  on  the 
previous  day  at  a  very  pleasing  ceremony,  when  the  Prime  Warden 
and  Court  of  the  Worshipful  Company  of  Blacksmiths  presented 
the  freedom  of  the  Company  to  the  President,  Mr.  Eug6ne 
Schneider,  and  to  the  immediate  Past-President,^  Sir  William 
Beardmore.  The  resolution  of  the  Company  really  amounted 
to  a  closer  association  between  the  Company  and  the  Institute, 
and  he  was  sure  that  nothing  but  good  could  result  from  such 
an  association.  He  had  great  pleasure,  therefore,  in  proposing 
a  very  hearty  vote  of  thanks  to  the  Blacksmiths  Company. 

The  motion  was  carried  unanimously. 
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CARNEGIE  60HOLARSHIP  AWARDS.  11 


Letters  op  Congratulation. 

The  Secretary  then  read  letters  from  the  Institution  of 
Mining  and  Metallurgy,  and  from  the  Institute  of  Metals,  con- 
gratulating the  Iron  and  Steel  Institute  on  the  attainment  of 
its  Jubilee,  and  expressing  cordial  appreciation  of  its  great 
services  to  the  cause  of  metallurgy  during  the  fifty  years  which 
had  elapsed  since  its  foundation  in  1869. 

Carnegie  Scholarship  Awards. 

The  Secretary  read  the  following  list  of  awards  of  Carnegie 
Besearch  Scholarships  for  the  current  year : 

After  carefully  investigating  the  applications  the  Committee 
have  recommended  that  grants  of  the  value  stated  below  be 
awarded  to  each  applicant,  namely  : 

Alastaib  Thomas  Adam  (Messrs.  Brunton,  Musselburgh),  £100. 
for  an  investigation  on  "  The  relation  of  heat  treatment  to  cold  work 
in  hypo-eutectoid  and  eutectoid  steels,  including  the  effect  of  heat 
treatment  after  cold  work." 

Dr.  J.  0.  Arnold,  F.R.S.  (Sheffield  University),  £100,  towards 
the  expenses  of  the  high-speed  steel  research  carried  out  at  Sheffield 
University,  the  results  of  which  have  been  presented  in  a  paper  to  the 
Iron  and  Steel  Institute. 

Frank  Bainbridge  (the  Skinningrove  Iron  Co.,  Ltd.),  £100,  to 
enable  him  to  continue  lus  investigations  on  *'  The  effect  of  fluorspar 
additions  on  the  phosphates  of  basic  slag  "  (the  applicant  was  previously 
awarded  £100  in  1917  for  this  investigation,  the  results  of  which  have 
been  presented  in  a  preliminary  Report). 

Howard  J.  Stago,  Jun.  (the  Halcomb  Steel  Co.,  Syracuse,  N.Y.), 
£100,  to  carry  out  an  investigation  on  "  Brittleness  in  steel  at  blue- 
heat  temperatures." 

Mr.  AuGusTB  Grbiner  (Antwerp)  then  read  a  paper  by  his 
brother,  Mr.  Leon  Greiner  (Seraing,  Liege)  on  **  The  Condition  of 
Belgian  Iron  and  Steel  Works  after  the  German  Occupation." 

A  paper  by  Mr.  L.  C.  Harvey  (London)  on  "  The  Use  of 
Powdered  Coal "  was  then  read  and  discussed,  after  which  the 
meetuig  was  adjourned  to  the  following  morning. 
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12  joint  session  with  the  institution  op 

Joint  Session  with  the  Institution  of 
Electrical  Engineers. 

In  the  afternoon  of  Thursday,  May  8,  a  joint  session  was 
held,  by  invitation  of  the  Institution  of  Electrical  Engineers, 
to  read  and  discuss  a  symposium  of  papers  on  electric  steel 
furnaces.  The  session  was  held  at  the  Institution  of  Civil 
Engineers,  and  was  opened  by  Mr.  Eugdne  Schneider,  President 
of  the  Iron  and  Steel  Institute,  supported  by  Mr.  C.  H.  Wording- 
ham,  C.B.E.,  President  of  the  Institution  of  Electrical  Engineers, 
and  many  Vice-Presidents  and  Members  of  Council  of  both 
Institutions.  After  the  formal  opening,  the  President  vacated 
the  Chair  in  favour  of  the  President  of  the  Institution  of  Elec- 
trical Engineers,  who  presided  during  the  remainder  of  the 
session. 

The  following  papers  were  read  in  abstract  and  discussed : 

"  Developments  in  Iron  and  Steel  Electric  Furnaces,"  by  Mr.  J.  Bibby. 

"  The  Booth  Hall  Electric  Furnace,"  by  Mr.  W.  K.  Booth. 

"  Application  of  Electrical  Energy  to  the  Melting  of  Metals,"  by 

Mr.  H.  A.  Greaves. 
"  Electric  Furnaces  in  the  United  Kingdom,  1918,"  by  Mr.  R.  G. 

Mercer. 
**  New  Type  of  Electric  Furnace,"  by  Mr.  Axel  Sahlin. 
"  Large  Electric  Steel-Melting  Furnaces,"  by  Mr.  Victor  Stobie. 

For  a  report  of  the  proceedings  and  the  text  of  the  papers 
read  and  of  the  discussion,  members  are  referred  to  the 
Journal  of  the  Institution  of  Electrical  Engineers,  in  which  they 
will  be  reprinted  in  extenso. 

The  meeting  was  resumed  at  10  a.m.  on  Friday,  May  9, 
the  Chair  being  taken  by  the  President.  The  following  papers 
were  then  read  and  discussed  : 

"  A  Review  of  the  Work  of  the  United  States  National  Research 
Council,"  by  Professor  H.  M.  Howe  (Columbia  University,  New 
York). 

"  Modem  Steel  Metallurgy,"  by  Mr.  C.  H.  F.  Baolet  (Stockton-on- 
Tees). 

"  The  Acid  Hearth  and  Slag,"  by  Messrg.  J.  H.  Whitbley  and  A.  F. 
Hallimond,  M.A.  (Stockton-on-Tees). 

"  Macro  Etching  and  Printing,"  by  Mr.  J.  C.  W.  Humfrey. 
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"  The  Manufacture  and  Working  of  High-Speed  Steel,"  by  Mr.  J.  H. 

Andrew,  D.Sc.,  and  O.  W.  Obbsn  (Armstrong,  Whitworth  and 

Co.,  Ltd.,  Openshaw). 
"  Some  Points  in  the  Manufactuie  of  Files,"  by  Mr.  G.  Taylor 

(Sheffield). 
*'  Lnprovements  in  the  Case-Haidening  Process,"  by  Messrs.  D.  ELansok 

and  J.  E.  Hurst. 

The  sessions  were  resumed  in  the  afternoon,  Dr.  J.  E.  Stead, 
P.R.S.,  Vice-President,  occupying  the  Chair.  The  remaining 
papers,  which  were  taken  as  read,  comprised : 

"Molecular    Constitutions    of    High-Speed    Tool    Steels,    and    their 

Correlations  with  Lathe  Efficiencies,"  by  Messrs.  J.  0.  Arnold 

and  F.  Ibbotson. 
"  Note  on  the  Liquidus  in  the  Iron-Carbon  Diagram,"  by  Mr.  G.  Cbsaro 
**  Estimation  of  Phosphorus  in  the  Presence  of  Tungsten,"  by  Messrs. 

G.  Watson  Gray  and  Jambs  Smith. 
"  On  the  Non-Allotropic  Nature  of  the  A2  Transformation  in  Iron," 

by  Mr.  K.  Honda. 
"  Carburisation  of  Lron  at  Low  Temperatures,"  by  Dr.  A.  McCance. 
"'  An  Experimental  Investigation  of  the  Influence  of  the  Rate  of  Cooling 

on  the  Hardening  of  Carbon  Steels,"  by  Messrs.  A.  M.  Portevin 

and  M.  Garvin. 
"  On  Graphitisation  in  Iron-Carbon  ADoys,"  by  Messrs.  K.  Tawara 

and  6.  Abahara. 
"  Deoxidation,  and  the  Influence  of  Lime  on  Equilibrium  in  the  Acid 

Open-Hearth  Furnace,"  by  Mr.  B.  Taneskb. 

On  the  motion  of  the  Chairman,  the  best  thanks  of  the 
meeting  were  accorded  to  the  various  authors  for  their  kindness 
in  presenting  the  papers. 

The  Chairman  also  proposed  that  the  thanks  of  the  Institute 
be  given  to  the  Council  of  the  Institution  of  Civil  Engineers 
for  the  use  of  their  rooms  for  the  purpose  of  the  meeting. 

Dr.  RosBNHAiN  seconded  the  motion,  which  was  carried 
unanimoosly^  and  also  moved  a  vote  of  thanks  to  Dr.  Stead 
for  presiding  at  the  afternoon  meeting. 

The  motion  having  been  carried  unanimously,  the  Chairman, 
in  reply,  thanked  the  members  for  their  appreciation,  and  the 
proceedings  then  terminated. 
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The  Council  have  pleasure  in  submitting  to  the  membeis  of  the  Iron 
and  Steel  Institute  at  this,  the  Fiftieth  Annual  General  Meeting, 
their  Annual  Report  of  the  work  and  progress  of  the  Institute  during 
the  year  1918. 

Presidency  of  the  Institute. 

At  the  Annual  Meeting  on  May  2,  Mr.  Eugene  Schneider  entered 
into  office  as  President,  in  succession  to  Sir  William  Beardmore,  Bart. 
His  accession  to  the  Presidential  Chair  was  warmly  welcomed  by  the 
members  as  a  mark  of  the  close  co-operation  between  the  metallurgists 
of  France  and  Great  Britain,  in  their  common  resolve  to  devote  their 
energies  to  the  assistance  of  their  respective  Governments  in  the 
prosecution  of  the  War  to  a  successful  and  speedy  termination. 

Roll  of  the  Institute. 

There  were  161  new  members  elected  during  the  year,  the  largest 
number  added  to  the  roll  in  any  one  year  since  the  foundation  of  the 
Institute  fifty  years  ago.  The  list  of  candidates  for  election  at  the 
Autumn  Meeting  included  five  ladies,  all  of  whom  were  duly  elected. 
While  to  the  new  Associate  class  ten  new  Associates  were  elected  during 
the  year.  The  total  membership  of  the  Institute  on  December  31, 
1918,  was— 

Patron         .         .         .    •     .                           .  1 

Honorary  Members       .....  4 

life  Members 70 

Ordinary  Members 1963 

Associates 60 

Total 2098 

There  have  been  twenty-one  resignations  of  membership  during 
1918,  and  the  names  of  seven  members  have  been  removed  from  the 
list  owing  to  the  non-payment  of  subscriptions. 
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During  the  year  the  deaths  of  thirty-three  members  have  been 
reported,  the  names  of  whom  are  recorded  in  the  following  Ust : 

Armstrong,  P.  T.  (Bamsley,  Torks)  . 

Barker,  James  (Todmorden,  Lanes)  .                  .  March  12. 
Bock,  P.  H.  (Fagersta,  Sweden) 

Booth,  William  (Rodley,  Leeds)        .         .  March  23. 

Camahan,  B.  B.  (Middletown,  Ohio).         .  June  22. 

•Crawshay,  W,  T.  (Reading)       ....  September. 

Crosland,  J.  F.  L.  (Hale,  Cheshke)    .         .  October  21. 

Oubillo,  Major-General  L.  (Madrid)   .  December  15. 

Cnthill,  William  (Uddingston,  N.B.) .  February  7. 

Despaigne,  H.  (London) September. 

Dickinson,  John  (Ulverston)     ....  March  24. 

Douglas,  James,  LL.D.  (New  York)  .  June  25. 

Gjers,  L.  F.  (Middlesbrough)     ....  February  4, 

Hartahome,  J.  (Pottstown,  U.S.A.)   .  August  24. 

♦Hewlett,  A.  (Warwick) September 

Hingley,  Sir  G.  B.,  Bt.  (Dudley)        .         .         .  August  19. 

Hopkinson,  Major  B.,  F.B.S.  (Cambridge)  August  27. 

Hunsiker,  Colonel  Millard  (London)  .  October  11. 

Hutchinson,  T.  C.  (Saltbum)    ....  October  17. 

Jones,  Greville  T.  (Middlesbrough)    .         .         .  March  6. 

Jones,  Thomas  Herschel  (Swansea)    .         .         .  January  18. 

Keen,  A  T.  (Birmingham)       ....  June  27. 

♦Lloyd,  Samuel  (Birmingham)    ....  February  26. 

Morris,  William  (Briton  Ferry).         .  June  15. 

Paterson,  J.  (Carlisle) September  6. 

Pegler,  T.  B.  (London) 

Percy,  T.  M.  (Wijgan) October  22. 

Reynolds,  A.  (Bi^ton) December  11. 

Roberts,  C.  W.  (Stourbridge)    ....  September  25. 

RoUin,  F.  T.  (Sheffield) Apiil  4. 

Schneider,  LieuL  H.  P.  (Paris).         .                  .  February  23. 

Schneider,  W.  M.  F.  (Barrow-in-Furness)  .         .  May  3. 

Shirley,  F.  L.  (Briton  Ferry)    ....  August  1. 

The  death  of  the  following  member  occurred  in  1916  but  was 
not  noted  in  the  Report  of  Council  for  that  year : 

Warocqu6,  Raoul  (Mariemont,  Belgium). 

Lieutenant  Henri  P*  Schneider,  who  was  a  cavaliy  officer  in  the 
French  Army  and  was  attached  to  the  Flying  Corps,  was  the  eldest 
son  of  the  President,  C.  Eugene  Schneider,  and  a  partner  in  his  father's 

*  OrigiDftl  Member. 
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firm.  He  was  killed  in  action  on  February  23, 1918.  Mr.  F.  L.  Shirley, 
of  Briton  Ferry,  was  killed  in  action  on  August  1,  1918,  and  Major 
Bertram  Hopldnson  was  fatally  injured  in  an  fitccident  while  flying 
near  London  on  August  27, 1918. 


Honours  conferred  upon  Members  of  the  Institute. 

The  Council  have  pleasure  in  placing  on  record  the  following  honours 
and  distinctions  which  have  been  conferred  upon  members  and 
associates  of  the  Institute  during  the  year : 

Sir  Hugh  Bell,  Bart.,  Past-President,  has  had  conferred  upon  him 
the  Companionship  of  the  Order  of  the  Bath.  Professor  H.  Hubert 
and  Mr.  John  Craig  have  had  conferred  on  them  Companionships  of 
the  Order  of  the  British  Empire.  Mr.  Pierre  Breuil  and  Lieutenant 
Jean  Schneider  have  been  appointed  Chevaliers  of  the  Legion  of  Honour. 
Lieut.-Colonel  J.  G.  Needham  has  been  awarded  the  Distinguished 
Service  Order,  and  Lieutenant  Charles  Schneider  the  Croix  de  Guerre. 
The  Military  Cross  has  been  conferred  on  Captain  F.  Webster. 

Professor  J.  W.  Richards  has  been  appointed  Member  of  the  Civilian 
Naval  Consulting  Board  of  the  United  States  Government. 


Finance. 

The  statement  of  accounts  for  the  year  1918  has  been  verified  by 
Afessrs.  W.  B.  Keen  &  Co.,  the  auditors  of  the  Institute,  in  the  usual 
nmnner,  and  is  now  presented  to  the  Meeting  by  the  Hon.  Treasurer. 
The  accounts  show  that  the  total  receipts  of  the  Institute  during  the 
year  imder  review,  but  excluding  the  income  derived  from  the  Carnegie 
Besearch  Fund,  were  £5792.  The  expenditure  during  that  period  was 
£6128.    The  comparative  figures  for  recent  years  are  as  follows  : 

1914  . 

1915  , 

1916  . 

1917  . 

The  receipts  on  accoimt  of  the  Carnegie  Research  Fund  were  £1009 
and  the  expenditure  was  £530,  the  surplus  income  over  expenditure 
being  £479. 


InCODM. 
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£4701 
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4275 
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Meetings. 

The  Annual  Meeting  took  place  on  Thursday  and  Friday,  May  2 
and  3»  1918,  and  the  Autumn  Meeting  was  held  on  September  12  and 
13.  Both  meetings  were  as  usual  held  by  kind  permission  of  the 
Council  of  the  Institution  of  Civil  Engineers  at  the  house  of  their 
Institution  in  Great  George  Street. 

Mr.  Eugene  Schneider  presided  at  both  meetings,  the  full  pro- 
ceedings of  which  are  reported  in  Nos.  I.  and  II.  of  the  Journal  for 
1918.  Thirty-five  papers  were  contributed  to  the  proceedings  at  the 
two  meetings,  together  with  a  Report  of  Committee  No.  2  on  Blast- 
Furnace  Practice,  which  with  the  Presidential  Address  makes  a  total  of 
thirty-seven  communications. 

The  following  is  a  list  of  the  papers  and  reports  presented  at  the 
meetings  in  question : 

Pnaidential  Address.    By  Mr.  0.  Euoisa  Sckkxidbb. 

Report  of  Blast-Fomaoe  Committee :  "  Praotioal  Paints  affecting  Yield  And  Effidenoy 
of  Blast-Fumaoes." 

Papers: 

1.  "  Prindplee  of  Open-Hearth  Furnace  Design."    By  C.  H.  F.  Baglbt. 

2.  "  Damascene  SteeL"    By  Colonel  N.  Bblaixw. 

3.  "  The  Bate  of  Change  at  100**  0.  and  at  Ordinary  Temperatnres  in  the  Electrical 

Resistance  of  Hardened  SteeL"    By  E.'  D.  Campbell. 

4.  "  Same  Experiments  on  the  Reaction  between  Pure  Carbon  Monoxide  and  Pure  Electro- 

lytic Iron  beloir  the  Al  InTcrsion."    By  H.  C  H.  Cabpbhtbr  and  C  Coldboit 
Smith. 
6.  "  Influences  of  Hot  Working  on  the  Qualities  of  Steel."    By  Q.  Chabpt. 
0.  **  Importance  of  Coke  Hardness."    By  G.  D.  Cochranb. 
*7.  **  Pkt>teeti<m  of  Iron  with  Paint  against  Atmospheric  Corrosion."   By  Dr.  J.  N.  Fbibbd. 

8.  "  The  Casting  of  Steel  in  Iqgot  and  other  Moulds."    By  J.  E.  Flbtohbb. 

9.  "  Economic  Value  of  the  Jurassic  Iron  Ores  of  Great  Britain."    By  Dr.  F.  H.  Hatch. 

10.  "Notes  on  a  Telescopic  Focussing  Apparatus  for  Photomicrography."    By  A.  F. 

Hallimokd. 

11.  "Gase-Hardening  Practice."    By  D.  Hakson  and  J.  E.  Hubst. 

12.  "Use  of  Bosh  Tuyeres  in  the  Blowing  of  Basic  Pig  Iron."    By  J.  S.  Hollikos. 

13.  "On  ICagnettc  Analysis  as  a  means  of  Studying  the  Structure  of  Iron  Alloys."    By 

K.  HplTDA. 

14.  "  Preyention  of  Growth  in  Grey  Cast  Iron."    By  J.  E.  Hitbst. 

15.  *'  Fuel  Economy  in  Blast-Fumaoes."    By  T.  C.  Hutchinson. 

16.  "Standardisation  of  Tests  for  Refractory  Materials."    By  Cosmo  Johns. 

17.  "  Steel  Ingot  Defects."    By  J.  N.  Kilby.  . 

18.  *'  BiEeot  of  Mass  on  Heat  Treatment."    By  E.  F.  Law. 

19.  "  Economy  in  Gas  Gleaning."    By  A.  Lbitkox  Lbiqh. 

20.  "  Mannfaetore  of  Portland  Cement  from  Blast-Fumace  Slag."    By  E.  H.  Lbwis. 

21.  "Non-metallio  Inclusions  in  Steel."    By  A.  MoCabob. 

22.  "  The  Utilisation  of  Waste  Heat  from  Open-Hearth  Furnaces  for  the  Generation  of 

Steam."    By  T.  B.  Maokehzib. 

23.  "Influence  of  Elements  on  Tenacity  of  Basic  SteeL"    By  A.  MoWilliam. 

1919— i.  0 
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84.  ««TeoliiiioftI  Atpeoti  of  the  EstobliBhment  of  the  Heayy  Steel  Industry  in  India  with 
BeeoltB  of  some  Beiearohee  connected  therewith.*'    By  A.  ILlowillum. 

25.  "  A  Cftose  of  BritUenoM  in  Mild  Steel  BoUer  FUtes.**    By  Dr.  W.  RosiirHijn  and 

D.  Haksov. 

26.  "  Detennination  of  Cobalt  and  Nickel  in  Cobalt  Steel.*'    By  W.  B.  Scbgillbb  and 

A.  R.  PowiLL. 

27.  "Hardneee  Testing:    Relation  between  Ball  Hardnew  and  Solerowsope  Hardneee." 

By  A.  F.  Shobb. 

88.  '*  Blast-Fumaoe  Bean."    By  Dr.  J.  B.  Stbad. 

89.  "  Iron,  Carbon,  and  Phoephonu."    By  Dr.  J.  E.  Stbad. 

30.  "  Kotes  on  Indutions  in  Steel  and  Ferrite  Lines.*'    By  Dr.  J.  E.  Stxad. 

31.  "  Fk«daotion  of  Soand  Steel  by  Lateral  Compression  of  the  Top  Portion  of  the 

Ingot.'*    By  B.  Talbot. 
38.  "  Phosphoms  in  Malleable  Gkst  Iron."    By  J.  H.  Tbno. 
•33.  "  Effect  of  Cold  Working  on  the  Elastic  Properties  of  Steel."    By  J.  A.  Vav  Dbb  Bbobk. 

34.  *'  Effect  of  Cold  Work  on  the  DlYorce  of  Pearlite."    By  J.  H.  Whttblbt. 

35.  "  Notes  on  the  Warping  of  Steel  throogh  Repeated  Quenching.*'    By  J.  H.  Wkrblbt. 

The  contributioDS  by  Mr.  J.  A.  Van  den  Broek  and  Dr.  Newton 
Friend,  marked  *,  ^ere  presented  as  reports  of  work  carried  out  in 
connection  with  the  Carnegie  Scholarship  Fund,  and  have  been  pub- 
lished in  Volume  IX.  of  the  Carnegie  Scholarship  Memoirs  for  1918. 
In  addition  to  the  foregoing  the  following  Carnegie  Scholarship  Reports 
were  also  received,  and  have  been  published  in  the  volume  of  the 
memoirs  referred  to : 

"  An  Inyestigation  on  the  Wearing  and  Anti-frictional  Qualities  of  Cast  Iron."    By  J.  E. 

HuBST  (Acton). 
**  The  Chemical  Detection  of  Strain  in  Iron  and  Steel  by  their  reaction  with  Nitric  Acid." 

By  J.  H.  Wbitblby  and  A.  F.  HALLixon>  (Stockton-on-Tees). 


Bessemer  Medal. 

The  Bessemer  Gold  Medal  for  the  year  1918  was  awarded  to  the 
retiring  President,  Sir  William  Beardmore,  Bart.,  in  recognition  of 
his  eminent  services  in  engineering  and  metallurgy. 


Andrew  Oarneqie  Research  Fund. 

A  volume  of  the  Carnegie  Besearch  Memoirs  (Vol.  IX.)  received 
during  1918  has  been  published.  A  reference  to  its  contents  has  already 
been  nutde  above. 

Four  new  applications  for  grants  were  received  during  the  year,  and 
awards  were  made  to  the  following : 

S.  L.  HoYT  (Minneapolis,  U.S.A.),  £100  for  an  investigation  on  the 
foreign  inclusions  in  steel,  their  occurrence  and  identification. 
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J.  N.  EiLBY  (Sheffield),  £100  to  carry  out  an  investigation  on 

the   bade  open-hearth  process  of  steel-making,  including  its 

chemistry. 
6.  Patchin  (London),  £100  to  carry  out  research  upon  semi-steel 

and  its  heat  treatment. 
J.  A.  Van  Dbn  Bbobk  (Ann  Arbor,  Mich.,  U.S.A.),  £100  to  enable 

him  to  continue  his  studies  upon  the  effect  of  cold  working 

on  the  elastic  properties  of  steel. 

Publications. 

Two  volumes  of  the  Journal,  a  volume  of  Carnegie  Scholarship 
Memoirs,  and  a  List  of  Members  have  been  published  during  the  year, 
aggregating  a  total  of  1458  pages  of  text  and  79  plates,  besides  numerous 
other  illustrations.  The  greatly  increased  cost  of  all  printing  and 
the  scarcity  of  paper  led  the  Council  to  decide  temporarily  to  abandon 
the  comparatively  expensive  cloth  bindings  hitherto  adopted,  and  to 
issue  the  Journal  in  stiff  cartridge  paper  covers  instead.  Members 
desirous  of  having  their  copies  of  the  Journal  uniform  with  the  bound 
copies  previously  issued  can,  however,  have  their  copies  boimd  for  the 
sum  of  five  shillings  per  annum,  or  can  be  supplied  with  covers  for 
binding  at  a  charge  of  a  shilling  each. 

The  usual  abstracts  of  all  the  principal  articles  and  memoirs 
lelating  to  the  technology  of  iron  and  steel,  published  in  the  Trans- 
actions of  kindred  Institutions  and  Societies,  and  in  the  technical  press 
of  this  and  other  countries,  together  with  detailed  references  thereto, 
have  been  compiled  and  published  in  the  Notes  on  Home  and  Foreign 
Iron  and  Steel  Industries,  forming  Section  II.  of  each  volume  of  the 
Journal.  In  the  collection  and  compilation  of  these  abstracts,  over 
300  different  periodicals,  as  well  as  the  Transactions  of  numerous 
Institutions^  have  been  systematically  searched,  and  reference  to  the 
information  contained  therein  has  thus  been  indexed  for  immediate 
leferenoe.  An  index  to  the  technical  and  scientific  literature  on 
iron  and  steel  and  kindred  subjects  is  kept  up  to  date  in  the  Library 
of  the  Institute,  which  facilitates  the  supply  of  information  in  response 
to  any  inquiries  on  the  part  of  the  members. 

CoMMiTTBB  Work. 

During  the  year  several  of  the  Technical  Committees  appointed 
by  the  Council  in  1917  held  meetings.  An  interim  report  on  Blast- 
Furnace  Practice  was  presented  by  Conmiittee    No.  2  at  the  May 


Digitized  by 


Googk 


30  '  BEPOBT  OF  OOUNOIL. 

Meeting  and  discussed.  The  points  dealt  with  in  this  report,  which 
was  published  in  the  Journal  (No.  I.,  1918),  were,  the  effect  of  the 
mechanical  and  chemical  conditions  of  raw  material  on  the  iurnace 
working,  and  the  influence  of  the  dimensions  of  the  bell  in  relation  to 
the  stock  line.  The  use  of  double  bells,  the  size  and  quality  of  fire- 
bricks, and  the  use  of  waste  gas  for  calcining  iron-stone  were  also  re- 
ported upon,  and  several  members  of  the  Conmiittee  presented  papers 
dealing  with  varioiis  phases  of  blast-furnace  practice  at  the  meeting 
in  question  and  at  the  Autunm  Meeting. 

Committee  No.  3  has  appointed  a  Sub-Oonmiittee  on  Open-Hearth 
Furnace  Design,  and  has  held  two  meetings.  It  has  also  been  instru- 
mental in  securing  several  very  valuable  papers  on  steelworks  practice 
for  reading  at  the  meetings. 

The  Sub-Conmuttee  on  Standard  Steels  appointed  by  Conoimittee 
No.  5  has  also  held  three  meetings,  and  has  set  up  an  organisation 
whereby  steelworks  and  their  laboratories,  the  various  universities 
or  equivalent  institutions,  as  well  as  commercial  laboratories  and 
analysts  in  various  centres  of  the  steel  industry,  will  collaborate  with 
the  National  Physical  Laboratory  in  the  preparation  of  the  standardised 
samples.  It  is  hoped  that  the  various  steelworks  will  generously  pro- 
vide the  necessary  ingots  or  bars  for  the  production  of  the  samples, 
and  will  allow  their  chemists  and  laboratories  to  collaborate  for  this 
purpose,  free  of  charge.  Definite  promises  to  this  effect  have  already 
been  received  from  a  number  of  important  firms. 

In  order  to  carry  out  efficiently  the  work  at  various  centres,  a 
number  of  "  District  Authorities  "  have  been  constituted,  viz. :  in 
London,  Sheffield,  Middlesbrough,  Birmingham,  Glasgow,  and  South 
Wales.  Universities,  or  equivalent  institutions,  works  and  commercial 
laboratories  in  each  district  are  represented  on  these  bodies. 

The  first  work  of  the  Conoimittee  will  be  the  preparation  of  standards 
for  sulphur,  phosphorus,  and  carbon,  six  steels  with  the  following 
approximate  proportions  of  the  elements  being  under  selection  for 
the  preparation  of  the  standards  : 

Sulphur  0*03  and  0*07  per  oent.  lespeotiTel/ 

Phosphorus 0*03  and  0-07       „  „ 

Ourbon  (add  open-hearth)     .  .        .0*7  per  cent. 

Carbon  (banc  open-hearth)   .        .        .        .  0*1       „ 

Details  of  the  procedure  for  selecting  the  ingots  and  for  the  prepara- 
tion of  samples  for  analysis  and  their  standardisation  have  been  drawn 
up  and  circulated  to  the  District  Authorities. 
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LiBBABY  AND  REABINa  BoOM. 


The  attendance  of  members  in  the  Beading  Boom  of  the  Institute 
has  been  well  up  to  the  average  of  previous  years,  and  the  facilities 
for  borrowing  books  from  the  library  continue  to  be  much  appreciated. 
The  additions  made  to  the  collection  of  books  include  the  following 
donations  from  authors,  publishers,  and  others  to  whom  the  Council 
take  this  opportunity  of  extending  their  thanks  :  "  Memoir  on  British 
Besouroes  of  Sands  suitable  for  Glass  Making,"  by  P.  G.  H.  Boswell ; 
"  Supplementary  Memoir  on  British  Besources  of  Befractory  Sands 
for  Furnace  and  Foundry  Purposes,"  by  the  same  author ;  "  A  Hand- 
book of  Briquetting,"  by  G.  Franke  ;  "  Les  fitablissements  Schneider," 
"  L'Industrie  de  TAcier  en  France,"  by  J.  Tribot-Laspi^re ;  "  Mineral 
Enterprise  in  China,"  by  W.  F.  Collins ;  "  Bibliography  of  the  Mineral 
Wealth  and  Geology  of  China  from  1912  to  1917,"  by  Chung  Tu  Wang ; 
"  Ingots  and  Ingot  Moulds,"  by  A.  W.  and  H.  Brearley ;  and  "  The 
Chemical  Analysis  of  Iron,"  by  A.  A.  Blair  (8th  edition). 

While  every  endeavour  is  made  to  keep  the  Library  of  the  Institute 
up  to  date  so  far  as  its  financial  resources  admit,  the  Council  wish  once 
again  to  urge  upon  authors  the  claimB  of  the  Institute  to  presentation 
copies  of  works  on  iron,  steel,  and  its  allied  industries.  Such  copies 
will  be  most  gratefully  received  and  promptly  acknowledged.  Amongst 
the  books  that  have  been  acquired  by  purchase  for  the  library  are : 
"  Modern  Coking  Practice,"  by  J.  B.  Christopher  and  T.  H  Byrom 
(vol.  i.  Baw  Materials  and  Coke  ;  vol.  ii.  By-Products) ;  "  Conditions 
des  Essais  et  de  Beception  des  M6taux,"  by  G.  Charpy ;  *'  Metallurgy 
of  the  Non-Ferrous  Metals,"  by  W.  Gowland  (2nd  edition) ;  "  Methods 
of  Measuring  Temperatures,"  by  E.  Griffiths ;  '*  Dyeing  with  Coal  Tar 
Dyestufe,"  by  C.  M.  Whittaker ;  "  Electrolytic  and  Electrothermal 
Processes,"  by  E.  K.  Bideal ;  "  Principles,  Operations,  and  Products 
of  the  Blast-Fumace,"  by  J.  E.  Johnson,  jun. ;  "  The  Principles  of 
Economic  Geology,"  by  W.  H.  Emmons ;  "  Technical  Handbook  of 
Oils,  Fats,  and  Waxes,"  by  J.  Fryer  and  E.  Weston  (vol.  i.  Chemical 
and  General) ;  "  Hardening  and  Tempering  of  Steel,"  by  F.  Beisei, 
"  Coal,  its  Scientific  Uses,"  by  W.  A.  Bone  ;  "  The  Principles  of  Iron 
Founding,"  by  B.  Moldenke  ;  "  Practical  Pyrometry,"  by  E.  S.  Ferry, 
G.  A.  Shook,  and  J.  B.  Collins ;  *'  Les  fours  flectriques  de  laboratoire," 
by  Jean  Escard ;  "  Trempe,  Becuit  et  Cementation,"  by  L.  Grenet ; 
"  Introduction  a  I'itude  de  la  MStallurgie,"  by  H.  Le  Chatelier ;  ''  La 
lime,"  by  C.  Fremont, ''  Essai  d'une  theorie  des  fours  h  flammes  basfe 
Bur  les  lois  d'Hydraulique,"  by  W.  B.  Groume-Grijmailo. 
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Appointment  of  Bepresbntativbs. 

The  Fiesident  continues  to  represent  the  Institute  on  the  Qeneral 
Committee,  of  the  Boyal  Society  for  administering  the  Grovernment 
Qrant  for  Scientific  Investigations.  Sir  Hugh  Bell,  Bart.,  and  Sir  W. 
H.  Ellis,  6.B.E.,  represented  the  Institute  on  the  Board  of  the  National 
PhysidSal  Laboratory,  and  Sir  Hugh  Bell  also  continues  to  act  as  repre- 
sentative on  the  Board  of  Governors  of  the  Imperial  College  of  Science 
and  Technology.  On  the  British  Engineering  Standards  Association 
the  Institute  is  represented  by  Dr.  Arthur  Cooper,  Mr.  G.  Ains- 
worth,  and  Mr.  Illtyd  Williams,  and  Mr.  Charles  Dorman  con- 
tinues to  serve  on  the  Engineering  Standards  Sub-Committee  for  the 
Standardisation  of  Galvanised  Sheets,  and  Mr.  B.  E.  E.  Spencer  on  the 
Sub-Committee  for  Special  Steels  for  Motor-Car  Construction.  Mr. 
H«  J.  Yates  has  been  appointed  to  serve  on  the  Sub-Committee  for 
Cast  Iron,  working  under  the  direction  of  the  Sectional  Aircraft  Com- 
mittee. Sir  William  Beardmore,  Bart.,  and  Mr.  6.  Ainsworth  continue 
to  represent  the  Institute  on  the  Technical  Committee  of  Lloyd's 
Register  of  British  and  Foreign  Shipping,  and  Mr.  J.  H.  S.  Dickenson 
represents  the  Institute  on  the  Technical  Conunittee  of  Motor 
Industries.  Sir  Hugh  Bell  and  Sir  Charles  Allen  represent  the  Insti* 
tute  on  the  Board  of  Scientific  Societies  of  the  Boyal  Society.  Dr. 
Arthur  Cooper  was  appointed  to  represent  the  Institute  on  the  Council 
of  the  Engineering  Training  Organisation.  Sir  Robert  Hadfield  has 
been  re-elected  as  representative  of  the  Institute  on  the  Court  of 
Sheffield  University,  Mr.  W.  Peter  Rylands  serves  in  the  same  capacity 
on  the  Court  of  Liverpool  University,  and  Mr.  W.  R.  Lysaght,^C.B.E.» 
on  the  Court  of  the  Univer^ty  of  Bristol. 

Grants  to  other  Associations. 

As  reported  last  year,  the  Council  voted  a  sum  of  £600  as  a  grant 
to  the  British  Engineering  Standards  Association  (Engineering 
Standards  Committee)  for  the  purpose  of  assisting  the  Association  to 
increase  its  activities  in  foreign  countries.  The  grant  is  payable  in 
three  yearly  instalments,  the  second  of  which,  amounting  to  £166,  was 
paid  during  1918. 

Changes  on  the  Council. 

The  election  of  Mr.  Engine  Schneider  as  the  new  Ftesident  has 
already  been  referred  to.  Sir  Gilbert  H.  Claughton,  Bart.,  was 
appointed  to  the  Vice-Presidency,  jcendered  vacant  by  the  accession 
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of  Mr.  Sclineider  to  the  Piesidential  Chaii,  and  Professor  Henry  Louis 
was  elected  a  new  Member  of  Council  to  fill  the  seat  on  the  Council 
vacated  by  Sir  Gilbert  Claughton  on  his  accession  to  the  Vice- 
Presidency.  At  the  Council  Meeting  of  February  7,  1918,  it  was 
unanimously  resolved  that  Mr.  Alexandre  Pourcel  (Bessemer  Medallist) 
be  elected  an  Honorary  Vice-President  of  the  Institute. 

The  Vice-Presidents  and  Members  of  Council  who,  in  accordance 
with  Bye-law  10,  are  due  to  retire  in  May  1919,  whose  names  were 
announced  at  the  last  Autunm  Meeting,  are :  Vice-Presidents — Sir 
Gilbert  H.  Claughton,  Bart.,  Mr.  Andrew  Lamberton,  and  Mr.  Edward 
Steer.  Members  of  Council — ^Mr.  F.  W.  Harbord,  Mr.  G.  Trasenster, 
the  Marquess  of  Graham,  Mr.  Benjamin  Talbot,  and  Mr.  Maximilian 
Mannaberg.  No  other  members  having  been  nominated  up  to  within 
one  month  previous  to  the  Annual  Meeting  of  1919,  the  retiring  members 
are  presented  for  re-election. 

Members  on  Service  in  the  Forces  of  the  Alued  Nations. 

The  following  is  a  list  of  those  members  who  are  known  to  have 
been  on  active  service  in  the  War.  The  list  has  been  made  as  complete 
as  possible,  but  there  are  possibly  members,  subjects  of  other  allied 
countries,  concerning  whom  no  note  has  yet  been  received.  In  those 
cases  where  no  alteration  in  rank  has  been  notified  since  1917,  the 
same  rank  is  given  as  in  the  list  published  in  that  year. 


Hamm. 


Town. 


Rahx. 


Aitott,  a  Antonj,  03.B. 

IjondoQ     .        .         .         . 

Captain 

Aifcliten.Ii.    .       . 

London     .... 

Captain.  R.A.F. 

ADflB,  OeolUDJ.0. . 

Sheffield    .... 

Major 

Alien,  Sir  Oharlei,  ?.D. 

Sheffield    .... 

Colonel 

Aad«non,J.A. 

Newoaetle-on-Tyne    . 

lAiM^Looioi 

Paris         .... 

Lieatenant 

Anattaga.  WiUUm  7. 

Sheffield    .... 

llajor 

■Amitrons,  Porey  T. 

Iioodoa     .... 

Lieatenant 

Aniinn»A.B. 

Wylde  Green,  Warwiokahire 

2ndLieQtenaat(R.GJk.) 

Aipina]1.8lrJo]mA.F. 

Liverpool. 

Lieot'Oolonel 

Aftiuon.  H.  m&o. 

lianoheeter 

Captain 

Badlani.8.      .       • 

Beaver  Falla,  n.S.A. 

C»pUtfn 

Barley,  a  H.  F.     . 

Stookton-on-Teet 

2ad  Lieatenant 

Baiiidl-Wi]d.1L.K. 

London     .... 

Brig..General 

Btlaifittl.  a.  P.     . 

ICilan        .        .        .        . 

Lieatenant 

Bmino-Miiltar.  Looii 

Paris         .... 

Captain 

Biitay.  H.  Dennli . 

Nottingham 

Lieat-Colonel 

Bdifcw.  V.  T.,  03. 

London     •        •        .        . 

Colonel 

1 

1 

DsooMod. 
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REPORT  OF  COUNCIL. 


Naio. 


Towv. 


BalL  Kanrioe  L.,  O.M.a., 

NorthiUortoQ    . 

.     L(eat..Oolon»l 

Bansougli,  G.  D.     • 

LiTwpool . 

.    Captain 

Bcmtocd^aiiai,  B. 

Ohester    . 

.    Captain 

BUbr.a.B.    .       .       . 

Ipewioh     . 

.     Lieutenant,  R.A.F. 

Boa«i.W.      .       .       . 

Matlook    . 

.     Lieutenant  (R.a.A.) 

Bowdon,  Oeo.  HttUni, 

M.P.  . 

St.  Albftos.  Herts.      . 

.     Lieut-Oolonol 

Boyd.  Anhibiad  J. . 

Loodoa     . 

.     Lientenant 

BniiMid.H.8. 

MonhaU.  nJ3.A. 

^Bre!iil,PleRe 

BrUrhtmoie.  F.  8.    . 

Sheffield    . 

.     Captain 

Browll^8• 

Ebbw  Vale 

.    Captain 

Bii]],B.A.      . 

Pittibuxgh 

.     Ckiptain 

Boxnotl^  Q.  B«  t 

Sheffield 

.     Priyate 

Bnnyeat,  B.  W.     . 

Workiagtoa 

.     Captain 

Butter.  A«  L  B. 

Newport,  Moo.  . 

.     Uajor  (Commanding) 

•Butter.  BMUH..H.O.    . 

Leeds 

.     Major 

Battor.  Habert  Oiwald     . 

Newport,  Moa.  . 

.     Captain 

Oampben,  W.  . 

New  York 

.    Lieut-Commander 

Oanttey.T.      . 

New  aUigow,  Nora  Sootia .     Colonel 

Oamegie.  David 

BeckeohamHflUKent 

.    Colonel 

*€ni8e8ewrislit,W.F..  0.8.0 

.  Loodoa     . 

.     Lieut-Colonel 

*0hriiti6.Maloolm  a..D.S.O 

• 

K.0 

Leeds 

.     Liout-Colonel 

GIftrk,  B.  Kition      .       . 

Leeds 

.     Lieut-Colonel 

Olela]id,W.L.         .       . 

Newcastle,  N.S.W.      . 

, 

Olonsh,  T.  Garter    . 

Sheffield    . 

.    Major 

Ooe.  Hanry  I. 

Swansea    . 

.    Lieutenant 

Oolver.Dr.  E.  de  Wykwi- 
lay8wytt     . 

Sheffield   . 

.    Captain 

Oolvin0.D.      ... 

Oleogaraook 

.    Captain 

OoanoUy,  J.     .        .       . 

Birmias(ham      . 

.     Lieutenant 

Ooombe.  L.  Jaoksoa 

Sheffield    . 

.     Major 

«  Cooper.  Dooglai  Ludlow  . 

Kiddleabroagh  . 

.     British  Red  Cross 

Oowaa.  7.  H.          • 

London 

.    Colonel 

Oromptoa.  Bookes  E.  B.  . 

London     . 

.     Colonel 

Oroilaad.  7.  a  H.   . 

ICobberley,  CbMhira 

.    Lieut-Colonel 

Onilmuui.  A.  8.       . 

Washington,  D.a 

.    Lieut-Colonel 

>  Darwin,  Erasmas  . 

Middlesbrough  . 

.    2nd  Lientenant 

DaTio,  Thomai,  7aii. 

Ooatbrilge.  N.B. 

Lieutenant 

Da7ie.W.8.    . 

Glasgow    . 

.     MifcjorR.E. 

Davies,  D.  Sidney    . 

Oatesheadon  Tyne 

Daviea,H.L.  . 

Oowerton,  Olam. 

.    Captain 

DaTii,  Frank  P.       . 

Nottingham 

.     Captain 

Dlok.  Robert  D.      . 

Redoar.  Yorks.  . 

.     Private 

Dison.0. 

Sheffield    . 

•    2nd  Lieutenant 

Dore.  Alan  8.  W.    . 

London     . 

.     Lieut..Colonel,RJLP. 

Dorman.  Arthur 

Yarm.  Yorks.    . 

.     Major 

1  Created  Chevalier  of  the  Legion  of  Honour. 

>  Awarded  the  Military  Gross. 

t  Awarded  the  D.S.O. 

«  Awarded  Italian  Bronze  Medal  for  Valour. 

•  Killed  in  aotion,  April  23.  1915. 
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Namb. 

TOWH. 

Raks. 

EDisoQ.  w.  a. 

Sheffield    . 

.     Major 

El«e.F 

Sheffield    . 

.     Lieutenant 

Elfe,Ii.H.       . 

Sheffield    . 

.     Lieutenant 

Bitt.  Stanley  Cyrfl  . 

Sheffield     . 

.     Lieutenant 

PunthoiiSD*  A* 

Sketty,  GUm.     . 

.    Lieutenant 

Field.  G.K.    . 

Londoa     . 

.     Major 

Vmufl*  K««      •       •       • 

Paris 

.    Captain 

FriBiid,J.H.    . 

Woroester 

•    Captain 

Ofaham,  Haianeis  of 

Isle  of  Arran,  Scotland 

.     R.N.yj&.  Headquarters,  Glas- 

gow 
.    Captain 

Oraj*  Wmiaai  Carlaw 

GUagow    . 

Chifflain*  Aimand     . 

Paris 

.     Lieutenant. 

Bristol      . 

.     Lieutenant 

Hammond,  Joeepli  . 

WoUaston,  Stourbridge 

.    Captain 

Hedley,  George 

Middlesbrough  . 

.     Major 

Hendecf  on.  The  Hon.  E.  B 

Bailer  .... 

'  Sfcaflford    . 

.     Captain 

Hoiddnson,  Allen  H. 

Huddersfleld ,    . 

.     Recruiting  Officer 

^  Hopkinson,    ProL    B., 

P.R.8. 

Oambridge 

.     Major  (Cb^mb.  Unir.  O.T.C) 

Home,  James  W.     • 

London     . 

.     Private. 

Ue,H 

Kore  Arsenal,  Japan  . 

.    Lieutenant 

Insle^Finoh.  George 

London     . 

.     2nd  Lieutenant 

Jackaon.  G.  M.       . 

ChesterEeld 

.     General 

Jaekaon,  J.  Arthur 

Odderbridge      . 

.     Lieut-Colonel 

JamlMon,  B.  A.       . 

Ottawa,  Canada 

.    Lieutenant 

JenUm,  Robert  William  . 

Rotherham 

.    Captain 

Jobaon,  B.  H.  T.     . 

Newoastle-on.Tjme     . 

.     Major 

Johnsoiu  Herbert  Alfred  . 

fiCanohester 

.     Lieut..Oolooel  (Oommandhig) 

Jdmson.  Walter  L. 

Middlesbrough    . 

.     Lieut..ColoQBl 

B3l8on.  The  HQn.B.  D.,H.O 

.Leeds         .        .        . 

.    Captain 

Konohazjevaky.  8.  L. 

Bordeaux  . 

.    Lieutenant 

>Lahroime.O.  J.    . 

Paris 

.    Captain  (Commaoding) 

lAyoook.  W.  E. 

Sheffield  .        . 

.    Lieutenant 

Leei,  Jobn 

W.  Bromwioh 

.    Major 

Lewif,  R.  A.  . 

Ebbw  Vale,  Moo. 

.    Captain 

Uoyd.D.  a   . 

TettenhaU 

.    Captain 

Uoyd.  D.  W.  Edison 

MerthyrTydfll    . 

.    Engineer 

•  Longden.  A.H.     . 

Plumtiee,  Notts. 

.    Captain 

«Luik.J.        .        .         . 

Motherwell 

.    Captain  and  Adjutant 

■cBean.  Alex..  V.D. 

Wolverhampton  . 

.    Cdcoel 

•H«Ooart,OyrUD.   .        . 

London     . 

.    2nd  Lieutenant 

HbBefll  Hush  OoUey 

Bombay,  In:lia   . 

.     Farrier  Sergeant^Major 

HeWniiam.  Dr.  A. . 

Glasgow   . 

.    Captain  (Commanding) 

•Maiah,  JohnL.     . 

Sheffield     . 

.    Captain 

Hmett.  Prol  W.  H. 

.    Major 

Mesder.ELL.  .      . 

Pittsburgh,  U.S Jl.      . 

.    Captain 

1  Killed  while  flying  near  London,  Aiwnst  27,  1918. 

s  Awarded  La  Croix  de  Guerre.    Killed  in  action  October  7,  19KI. 

s  Died  in  hospital*  March  2, 1919. 

*  Awarded  Chas  of  Legion  of  Hon(nr,    pi^d  of  wounds  in  France,  December  29, 1919. 

*  Killed  in  action,  October  8,  1916. 

*  Killed  in  aoUon,  October  16. 1916. 
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Namb. 

Tomr. 

Raitk. 

Honki.  Aoitm  J.   . 

Appletao.  Chediire 

.    Oftptain 

Honki,  F.  Banumd. 

Appleton.  Cheshire 

.    Major  (Oommandii^) 

Hordeii.S.H. 

London    . 

.    OipUinR.E. 

Horgaii,  K.  P.  TMigliaii  . 

London 

.    Gbptain 

Horgaii,PeiinryMig]iaii  . 

London 

.    Lientenant 

Hortlmer,J.B.        .       . 

London 

.    Engineer  GaptafaL 

HftODhaeter 

.    Lieut-Oolonel 

VlDholMm.  F.,  M.O. . 

London     . 

.    Gaptahi 

Viooii.  Paol-Baiii  . 

Puis 

.    OapUin 

0»HeiHH.      .       .       • 

Sheffield    . 

.     Pioneer 

'PatoibJ.H..       .       . 

Bimingluun 

.    Lientenant 

Pennymora,  P.  0.,  D.8.0. 

Stoorbridge 

.    Lieut^iolonel 

Pelheriok,  John 

London 

.    Major 

PhOUpf  •  George,  J.P. 

Oxford       . 

.    Staff  MaJQr43eneral 

PoUeo,  ftaaoii  H.  . 
PdUen,  Stephen  H.  . 

TiWidon      ■        .        • 

Oommander 

London      . 

.    Lient-Ookmel 

Baniall.  Charles  B.  J.     . 

BaRtnr-in-Fnroen 

.    Eng.   Uent-Oommander   R.N.. 

Beei,W.D.  .       . 

London 

.    Oolonel  (Commanding) 

BeiohwaU.  y.  B.    . 

London 

Biohardi.  John  A.  . 

London 

.    Bqgineer  Oaptahi 

Bider.B.        .       .       . 

Rotherhftm 

.    2nd  Lientenant 

»Bobin.FMiz. 

Ptoie          .        .        . 

.    Lientenant 

Boblnson,  P.  S.       . 

Roohdak  . 

.    2nd  Lieutenant 

■Bogenon.  W.  E.   . 

Ou-lington 

.    Oaptain 

BMe?ere^  Q.  B. 

WolTBniftinpton  • 

.    Lientenant 

Bon.  A.  A 

London 

.     Major.  R. A. F. 

Bonttedge,  W. 

Mftrton-in-CSoYeUnd  . 

.    Captain 

BaaeO,  0.  A.  T.    . 

Sheffield       .       . 

.     Lientenant.  R.E. 

Sankey.  H.  Biall.  03.     . 

London 

.    StaffCaptain 

8aTage»  Qeoflrey  H. 

London 

.    Captam 

«  Schneider,  Henri  P. 

Pari! 

.     Lient.     of  Carahy.    attached 
French  Flying  Corps 

>  Schneider.  Jean     . 

Parii. 

.    Lient..  attaohed  French  Flying 

Corps 
.    2nd  Lientenant 

•  Schneider,  Oharlei . 

Pftiia 

SchDenfiifi.F.H.    . 

Washington,  D.a 

.    Captam 

Seaman,  WfOnd  A.,M.a 

Sheffield     . 

.    Major.  R.E. 

Selhy-Bigge,  D.  L.  . 

Q]aagow 

.    Lient..CoIane1 

'Shirley,  F.L.. 

Briton  Peny      . 

.    Private 

•  Sidney.  LeioMter  P.,  Jon. 

London               • 

.    Flight  Lientenant 

Skelton,  J.  H. 

London     . 

. 

Smilh.  J.  OmickBhank     . 

London 

.    Lieutenant 

Smith.  Percy  W.    . 

Sdihull      . 

.    Cbptain 

Somen.  Frank 

Birmingham 

.    Captain 

1  Died  March  1919. 
>  Killed  in  action. 

•  Died  at  BuUswater  Camp.  Woking.  Norember  13.  1914. 
«  Killed  in  action.  Febmary  23.  1918. 

•  Received  Order  of  the  ChcTalier  of  the  Legion  of  Hononr. 

•  Awarded  the  Croix  de  Gnerre. 

'  Killed  in  action.  Angnst  1.  1918. 
^  Killod  m  action.  October  2. 1917. 
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Namb. 

TOWH. 

Baitk. 

Spetkmaii,  E.  K.   . 

.    LondoQ 

.    Lieutenant 

Steel.  H^  Jon. 

.    Sheffield     . 

.     Captain 

.    Captain 

Storey,  Ohailes  B.  0.        .    Chide.  Denbighshire    . 

.    Lieatenant 

Stralbfln,  J.  O. 

.    Loodoa     . 

.    Flight  Sub-Lieutenant 

Tajte.  H.  J.  0. 

.    Sheffield    . 

,        , 

Taiior,PA      . 

.    Lieut..  B.A.F. 

TlMnBM.W.P. 

.    London     . 

.    Captain 

fhomllnioii.  W.       . 

.    SeatonOarew     . 

.    Lieut..Colonel 

Tolli,  a  F.     . 

.    Bombfty,  India. 

.    Captain 

ftnbiluiw.  H.  K     . 

.    LlaiieUy     . 

.    Major 

Viidffiiood.B.O. 

.    Thunderaley,  Essex     . 

Wadhani.  Walter  F. 

A.    .    Dalton-in-Fornees 

.    Lieut..Colonel  (Oommdg.) 

Walker.  Edwin 

.     Sheffield    . 

.    Lieut..  R.E. 

Webilec;F.,H.a 

.    Chester     . 

.    Captain 

Whitdiead.  Lfonell 

J.       .     Abergavenny.  Hon. 

Wood.  B.B^  Jan. 

.    Philadelphia.  U.S^. 

.    Captain 

WraltlwH.O. 

.     Windermere 

.    Major.  B.E. 

Wrlgbt.J.B.  . 

.    Blackpill,  Glam. 

.    Colonel 

WWilb  W.  ahadei 

.    London            • 

.    Colonel 

Wyiiiaii.B.    . 

.    Newport*  Mon. 

1 ^£    Al T__^ 

.    Captain 

The  following  members  of  the  Institute  StaS  have  also  served  in 

the  Army : 

>  Arfhur  Dowd  •        •    Biflemaa  (K£.R.a) 

3  Bidiard  Ebdon  •  .    Corponl  (B.  Tnniskilling  Foailien) 


1  Died  at  Havre.  February  4, 1919. 

s  Serecely  wounded  at  Langemarok,  August  5, 1917. 
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THE  BELGIAN  IRON  AND  STEEL  INDUSTRY 
DURING  THE  GERMAN  OCCUPATION  IN 
THE  GREAT  WAR. 

By  LEON  GBEINEB  (Sebaivg,  Bblgium). 

In  July  1914  Belgium  was  busily  devoting  herself  to  her 
commerce,  her  industries,  and  her  agricultural  pursuits,  when 
suddenly,  in  the  midst  of  her  peaceful  activities,  came  a  thunder- 
clap !  There  were  reports  of  mobilisation ;  the  assembling  of 
arms  ;  joy  flies  away  and  anxiety  spreads  on  every  countenance. 
War  had  broken  out ! 

Hardly  had  she  recovered  from  her  stupefaction  when  our 
little  country  found  herself  invaded.  The  declaration  of  war 
had  not,  as  yet,  even  been  transmitted  by  Germany  to  France ; 
an  insolent  ultimatum  had  barely,  as  yet,  been  received  by  our 
Sovereign,  when  our  frontiers  were  violated  by  the  foremost  of 
the  German  cavalry. 

On  August  4th  the  forts  around  Liege  were  attacked.  Their 
heroic  defence  lasted  more  than  ten  days.  They  were  forced, 
nevertheless,  to  yield  to  the  heavy  calibre  guns  which  the  Germans 
hastily  brought  up,  although  history  will  record  the  decisive  part 
which  Liege  played  in  the  Great  War. 

Then  came  the  advance,  and,  while  the  Allied  armies  held 
the  Germans  in  check,  there  commenced  that  long  period  of 
four  and  a  half  years  during  which  our  Uttle  country  was  occupied 
and  cut  off  completely  from  its  King,  its  Government,  and  its 
soldiers. 

The  German  Governor-General  who  planted  his  heavy  jack- 
boot on  Belgium  declared  himself  the  representative  of  the 
Boyal  power.  In  that  capacity  he  legislated,  but  solely  in  favour 
of  the  invader^  and  utterly  regardless  of  the  rights  of  private 
property.  The  decrees  issued  by  the  Governor-General  had  but 
a  single  object :  to  despoil  the  land  which  his  troops  occupied, 
as  masters ;  to  sow  discord  between  the  inhabitants,  and  to  break 
thdr  spirit  by  oppressive  measures.  I  will  not,  in  this  connection, 
1919-4.  D 
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revert  to  the  acts  of  barbarism,  incendiarism,  and  massacre  of 
which  the  enemy  army  was  guilty  in  Belgium,  which  will  for  ever 
brand  it  with  indelible  shame.  The  whole  world  knows  of  the 
atrocities  committed  in  so  many  of  our  Belgian  towns,  and  Vise, 
Dinant,  Andenne,  and  Louvain  constitute  so  many  bloodstains 
which  will  for  ever  adhere  to  German  hands.  Nor  will  I  dwell 
on  the  innocent  victims  of  the  Teuton -soldiery ;  on  the  6000 
civiUans  whose  massacre  we  can  no  more  ever  forget  than  you 
can  the  sordid  murder  of  Nurse  Cavell  and  Captain  Fryatt.  I 
wish,  however,  to  recall  to  you  more  especially  that  which  is 
hardly  less  tragic,  although  it  has  failed  equally  to  strike  the 
imagination  of  most  foreign  peoples — namely,  the  deportation 
of  our  workpeople  to  Germany. 

This  act  was  concealed  imder  the  most  hypocritical  of  false- 
hoods. It  was  necessary,  the  Governor  stated,  in  the  interests 
of  the  coimtry  itself,  to  relieve  charity  of  these  useless  and 
undesirable  strikers !  And  thus  it  was  that  there  came  to  be 
interpolated  in  the  history  of  occupied  Belgium  this  harrowing 
and  most  lamentable  chapter  of  the  deportation  of  these  alleged 
<'  strikers  "  and  of  this  reversion  to  the  most  cruel  of  the  practices 
of  barbarism — slavery !  It  is  in  this  connection,  too,  however, 
that  we  are  able  to  distinguish  the  truest  sentiments  of  patriotism, 
of  endurance,  of  voluntary  and  courageous  sacrifice,  even  to 
death  itself,  of  our  Belgian  workers,  who  would  not  work  for  the 
enemy.  To  relate  the  sufferings,  the  tortures  of  these  unhappy 
people  would  be  almost  impossible ;  even  to  enumerate  the 
martyrology  would  take  too  long.  The  whole  world  was  seized 
with  horror  at  the  accounts  of  the  atrocities  which  were  com- 
mitted in  the  name  of  "  charity  '*  and  in  the  **  great  moral 
interests  of  Belgium.** 

After  the  hard  winter  of  1916-17  we  saw  the  return  of  such 
of  these  waifs  of  humanity  as  had  been  able  to  withstand  this 
ill-treatment  and  who,  famished  and  utterly  worn  out,  were 
flung  back,  without  further  ado,  within  the  Belgian  frontiers. 
How  many  of  these  125,000  unhappy  deportees  died  in  Germany  ? 

What  the  iron  and  steel  industry  of  Belgium  was  before  the 
War  you  all  know ;  it  was  only  necessary  to  traverse  our  little 
country  to  appreciate  its  importance.  In  1918  the  output  of 
pig  iron  reached  2,486,000  tons  and  the  production  of  raw  steel 
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was  2,601,000  tons,  while  the  output  of  finished  products  at 
rolling-mills  reached  a  total  of  2,162,000  tons. 

The  invaders  have  passed  over  the  land  and  with  them  their 
processes  of  devastation ;  of  this  flourishing  industry  nothing 
remains  but  the  shadow.  The  factory  chimneys  stand  out  against 
a  sky  unclouded  by  smoke  ;  buildings  still  stand  huddled  together 
with  wide  gaps  between,  but  only  the  framework  of  industry 
survives,  the  soul  has  departed.    Our  works  have  been  slain ! 

Blast-fumaces,  converters,  open-hearth  furnaces,  rolling- 
mills,  machine  tools,  have,  with  very  few  exceptions,  either  been 
carried  away  or  demolished  or  rendered  incapable  of  resuming 
operations.  How  many  months  must  elapse  before  we  hear 
again  the  sounds  of  industrial  life  ?  How  many  years  must  pass 
before  Belgium  can  resume  her  place  amongst  the  big  producers 
of  iron  and  steel  ? 

On  August  1, 1914,  our  country  possessed  sixty  blast-fumaces, 
of  which  forty-nine  were  in  blast ;  their  total  capacity  approxi- 
mated to  265,000  tons  of  pig  iron  per  month.  On  Armistice  Day 
there  remained  but  four  intact,  representing  6-8  per  cent,  of  the 
total  productive  capacity.  Within  a  future  which  is  uncertain, 
perhaps  within  a  year,  twenty-five  others,  amounting  to  44  per 
cent,  of  the  former  capacity,  may  be  put  into  a  fit  condition  to 
be  blown-in.  So  much  for  the  blast-fumaces,  the  sources  of  all 
industrial  activity  in  the  iron  and  steel  trades. 

Most  of  the  rolling-mills  have  been  destroyed  by  dynamite. 
Many  of  the  blowing-engines  have  suffered  the  same  fate.  At 
the  works  of  the  Cockerill  Company  nine  rolling-mills  have  dis- 
appeared by  these  means  out  of  eleven,  and  only  three  blowing- 
engines  remain  out  of  twelve.  The  same  conditions  obtain  at 
the  works  of  Ougree-Marihaye  and  at  La  Providence,  and  even 
more  desolate  are  La  Louviere  Works,  which  belonged  to  the 
big  owner,  Pol  Boel. 

Taking  it  all  together,  the  havoc  in  the  great  iron  and  steel 
works  (taking  into  consideration  only  those  works  which  possessed 
blast-fumaces)  is  estimated  at  a  purely  approximate  sum  of 
210  millions  of  francs.  This  amount,  based  on  prices  as  they 
existed  in  1914,  is  only  the  bare  cost  of  the  plant  destroyed,  with- 
out taking  into  consideration  any  indirect  expenses  of  any  kind. 

This,  then,  is  the  situation.    The  problems  to  be  solved  are 
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numerous :  the  starting  up  of  the  few  which  have  the  good 
fortune  to  remain ;  the  re-arrangelnent  and  restoration  of  the 
works.  So  much  for  the  technical  aspects.  Side  by  side  with 
these  is  the  important  financial  question.  Will  it  not  be  necessary 
to  sink  capital  in  plant,  the  cost  of  which  is  three  times  higher 
now  than  it  was  in  1914  ?  How  shall  we  be  able,  later  on,  to 
struggle  against  competitors  whose  capital  committments  are 
three  times  less  to  discharge,  or  who  have  been  able  almost 
completely  to  write  off  the  cost  of  their  plant  out  of  the  profits 
they  have  made  during  the  War  ?  And  when  industry  is  re- 
established, shall  not  we,  who  depend  on  our  export  trade,  fiind 
the  world's  markets  occupied  by  the  industries  which  have 
developed  considerably  abroad  during  the  War  ? 

All  these  problems  are  grave ;  the  task  before  Belgium  is 
vague,  and  we  shall  not  be  able  to  fulfil  it  without  the  help  of 
those  who,  aUied  with  us  in  the  armed  struggle,  will,  I  doubt  not, 
be  side  by  side  with  us  in  the  peace  struggle  for  world-trade, 
and  on  whose  assistance  we  must  count  in  the  difiSicult  times 
our  industries  must  yet  surmount,  after  having  undergone  the 
harsh  German  yoke. 

What  has  taken  place  during  these  four  and  a  half  years  of 
occupation?  At  the  beginning  transactions  in  commerce  and 
operations  at  works  remained  perfectly  free.  For  this  reason 
some  of  the  works  profited  by  this  period  to  use  up  their  raw 
materials  and  to  convert  them,  for  the  general  benefit  of  the 
country,  into  products  of  direct  utility.  Patriotic  enthusiasm 
was  intact  and  imanimous  ;  the  moral  resistance  to  the  plots  of 
the  invader  remained  invincible,  both  amongst  the  workpeople 
themselves  and  the  leaders  of  industry.  To  the  stupefaction 
of  the  earlier  weeks  succeeded  a  period  of  waiting,  a  confident 
waiting  for  the  help  of  our  Allies  and  for  the  triumph  of  justice. 
The  conditions  of  material  existence,  the  food  conditions  chiefly, 
were  not  insupportable,  the  privations  and  restrictions  imposed 
by  necessity  were  resolutely  imdergone  ;  the  whole  Belgian  people 
were  opposed  to  the  invader,  but — ^it  was  still  possible  to  breathe. 

The  industrial  output  of  the  country  during  1915  was,  never- 
theless, extremely  low.  The  production  of  iron  was  68,150  tons, 
that  of  steel  110,180  tons,  and  finished,  rolled  products  164,370 
tons,  which  will  be  seen  to  be  pretty  reduced  proportions,  being 
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only  2-75  per  cent,  of  the  pre-war  pig  iron  output,  and  4*22  per 
cent,  of  the  pre-war  steel  production. 

Towards  1916  the  Belgian  rolling-mills  began  to  use  a  con- 
siderable proportion  of  crop  ends,  and  the  production  of  the  iron 
and  steel  works  can  be  given  as  follows  : 

Tons. 

Pig  iron 127,825 

Steel 137,690 

Rolled  prodacte 223,335 

or  5-14  per  cent,  of  the  pre-war  pig  iron  production  and  5*29  per 
cent,  of  the  pre-war  steel  production.  But,  under  what  con- 
ditions was  work  carried  on !  The  chief  diflBculty  lay  in  the 
scarcity  of  certain  raw  materials,  and  chiefly  of  manganese. 
At  the  CJockerill  Works  the  Germans  divided  our  stock  of  rich 
manganese  ore  into  two  portions — 560  tons  which  they  carried 
oflf,  and  60  tons  which  they  generously  left  us.  How  they  were 
deceived  !  It  was  not  60  tons  but  1150  tons  that  we  were  able 
to  hide  from  them,  at  the  risk  of  our  liberty,  and  to  transform 
secretly,  partly  into  spiegel,  in  the  blast-furnace,  and  partly  into 
ferro-manganese,  in  the  electric  furnace.  On  the  other  hand,  the 
scarcity  of  coal  for  the  producers  compelled  us,  as  shown  by 
the  note  on  the  subject  sent  by  your  late  President,  Mr.  Adolphe 
Greiner,  to  the  May  Meeting  1915,  to  attempt  and  subsequently 
to  develop  the  utilisation  of  pitch  as  a  fuel  for  the  open-hearth 
furnaces.  Special  furnaces  were  constructed  with  this  object, 
which  allowed  of  our  making  open-hearth  steel  of  most  varied 
qualities,  from  sheets  for  brewery  and  sugar  works  vats  to 
tramway  sleepers. 

The  stocks  of  manganese  ore  were  not,  however,  inexhaustible, 
and  the  War  was  protracted  beyond  anything  that  could  have 
been  foreseen. .  From  the  end  of  1915  and  in  order  to  preserve 
the  last  few  tons  of  ore  for  the  manufacture  of  ferro-manganese, 
we  succeeded  in  recovering  the  manganese  contained  in  the 
material  found  in  heaps  on  the  slag  tip,  slags  derived  from  old 
acid  Bessemer  converters.  The  average  analyses  of  these  slags, 
of  which  15,500  tons  were  recovered  by  hand  picking,  was  as 
follows : 

Per  Cent. 

Iron  (»boat) 10 

MitngkiiHift 10 

lime  1*50 

Silica 55-00 
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This  was  the  ray  of  light  by  which  we  were  enabled  to  keep 
things  going  a  bit ;  the  recovery  of  the  manganese  by  increasingly 
efficient  means  allowed  of  our  manufacturing  in  the  only  blast- 
furnace in  activity,  and  starting  with  this  apparently  intractable 
material:  basic  pig  iron  containing  1-5  per  cent,  of  manganese; 
then  open-hearth  pig  with  4  per  cent,  of  manganese ;  then  spiegels 
of  varied  composition  ranging  up  to  16  per  cent,  of  manganese, 
and  finally,  rich  Spiegel  containing  up  to  80  per  cent,  of  manganese. 
The  latter,  whose  manufacture  involved  a  burden  consisting  only 
of  acid  slag,  Ume,  and  coke  (giving  rise  to  a  production  of  10  tons 
of  slag  per  ton  of  coke)  was  practically  free  from  phosphorus, 
and  replaced  ferro-manganese. 

Later  on  this  special  pig  iron  became  scarce  and  had  to  be 
economised ;  tests  were  made  in  order  to  replace  a  portion  of 
the  manganese  additions  by  carbide  of  calcium  made  in  our 
electric  furnace.  These  experiments  taught  us  that  with  a  httle 
care  it  was  possible  considerably  to  reduce  the  manganese 
additions,  in  fact  we  succeeded  in  working  during  a  campaign  of 
a  fortnight  by  only  using  8-25  kilogrammes  of  metaUic  manganese 
per  ton  of  ingots  made  in  the  Bessemer  converters,  besides  a  little 
aluminium  which  was  added  in  the  moulds. 

StiU  later,  when  only  the  open-hearth  furnace  was  being  used 
— and  for  a  sadly  reduced  output — and  the  ferro-siUcon  had  been 
exhausted,  the  electric  furnace  was  able,  similarly,  to  undertake 
the  manufacture  of  this  alloy. 

We  had  the  satisfaction  of  using  up  our  very  considerable 
stocks,  and  in  addition  large  amounts  of  other  materials  that 
it  was  necessary  to  save  from  being  requisitioned,  namely  1000 
tons  of  rolls,  650  tons  of  ingot  moulds,  and  1450  tons  of  special 
steels  for  springs.  The  barrels  of  rifles,  nickel  and  chrome  steels 
and  other  finished  products,  of  the  existence  of  which  the  Germans 
knew  nothing,  were  thus  sacrificed. 

In  the  end,  however,  everything  was  lacking  ;  raw  materials, 
fuel,  refractories,  good  luck  no  longer  sufficed  ;  the  working  shifts 
became  ever  shorter  and  fewer,  and  finally  all  activity  in  our 
works  died  down.  It  was  then  that  the  systematic  destruction 
of  our  plant  reached  its  full  development. 

The  destruction  of  the  Belgian  works,  under  the  form  of 
requisitions,  was  the  object  of  a  regular  organisation  on  the  part 
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of  Germany.  Both  civilians  and  the  mihtary  applied  themselves 
zealously  thereto,  according  to  a  well-estabUshed  plan,  and  special 
departments  were  created  with  this  object.  Two  leading  organisa- 
tions shared  in  the  too  facile  task  :  Die  Materialbeschaffmigstelle 
and  Die  MaschinenbeschafiFongstelle.  The  requisition  was  always 
based  on  the  terms  of  one  or  other  of  the  decrees  (there  were  so 
many  of  them  !)  published  by  the  German  Mihtary  Government. 
The  mihtary  officials  of  the  different  organisations  promenaded 
the  works  to  take  note  of  whatever  might  suit  their  purposes. 
The  Materialbeschaffungstelle  imdertook  the  search  for  material 
required  directly  at  the  front  and  suppUes  intended  for  mihtary 
works  in  the  occupied  regions.  It  was  this  organisation  Ukewise 
that,  by  means  of  the  '*  BohstoffverwaltuQg,"  carried  oS  the 
high-speed  steel  for  tools  and  copper  of  every  description.  It  is 
needless  to  dwell  on  the  sordid  struggle,  the  rivalry  in  cunning, 
and  on  the  specious  conflict  which  took  place  between  this 
organised  thieving  and  its  victims  (who  comprised  everyone 
from  the  largest  commercial  undertakings  down  to  the  smallest 
individual)  each  time  a  decree  authorising  requisitions  was 
promulgated.  Each  Belgian,  it  may  be  said,  sought  to  preserve, 
from  what  was  actually  no  more  nor  no  less  than  robbery,  all  or 
part  of  the  copper  in  his  possession  ;  it  may  even  be  added  that 
many  succeeded  in  deceiving  their  spoilers.  How  many  others, 
however,  had  to  pay  for  such  attempts  by  many  months'  im- 
prisonment ! 

The  Maschinenbeschaffungstelle  was  only  the  instrument  of 
a  powerful  limited  company,  the  Wumba,  in  Berlin  (Waffen  und 
Munitions  Beschaffangs  Amt),  a  civil  association  directly  under 
the  control  of  the  Ministry  of  War.  It  was  to  the  Wumba  that 
the  German  works  addressed  their  requests  for  materials  (tools, 
machines,  buildings,  overhead  travelling  cranes,  &c.) ;  with  the 
Wumba  that  they  discussed  prices,  and  to  the  Wumba  that 
they  paid  for  their  **  purchases."  We  have  seen  the  directors 
of  large  works — colleagues  before  the  War — parading  our  work- 
shops and  steelworks,  making  their  selections  as  though  at  a 
sale,  measuring  things  up  calmly  aud  even  arguing  amongst 
themselves  as  to  the  possession  of  such  and  such  a  machine,  just 
as  they  would  have  done  had  the  material  really  been  at  their 
di8|>osition. 
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The  Wumba  was  the  commercial  midertaking  for  which  the 
Maschinenbeschaffungstelle  was  the  supply  branch.  It  was  the 
latter  organisation  which  supplied  information  as  to  the  existence 
of  our  works,  which  sought  for  machines  corresponding  with  the 
specifications  as  transmitted  from  Berlin,  and  which,  once  the 
matter  was  agreed  upon,  made  out  the  form  of  requisition,  and 
proceeded  to  the  sequestration  of  the  material.  It  was,  needless 
to  say,  well  organised  !  It  was  often  a  curious  and  heartrending 
spectacle  to  see  the  way  the  Germans  proceeded  with  the  demo- 
lition and  despatch  of  machinery.  Much  of  our  more  delicate 
machinery  was  already  spoiled  in  the  process  before  ever  the 
trucks  upon  which  they  were  carelessly  thrown,  without  even  a 
tarpaulin  over  them,  had  left  the  despoiled  works,  and  how  many 
will  ever  be  returned  even  in,  fair  condition,  to  say  nothing 
of  their  being  usable  ?  And  what  a  difSicult  task  it  will  be 
to  recover  many  of  these  machines,  which  their  provisional 
proprietors,  resorting  to  the  devices  of  common  "  receivers," 
will  probably  have  **  camouflaged  **  carefully  and  beyond  recog- 
nition. To  assign  a  value  to  the  requisitions  of  this  organisation 
would  be  difSicult.  From  the  commencement  it  was  more  par- 
ticularly machine  tools  which  were  its  objects.  It  is  said  that 
60,000  such  machines  were  stolen  from  Belgium.  But  if  the 
engineering  workshops  were  the  most  especially  and  severely 
victimised  by  the  Maschinenbeschaffungstelle,  the  ironworks 
were  not  overlooked :  cranes,  shears,  all  kinds  of  appliances, 
engines  of  all  kinds  were  removed  imder  its  orders,  and  are, 
even  now,  actually  being  used  in  the  enemy  country ! 

The  Germans  attempted  at  the  commencement  to  adopt  the 
method  of  immediate  payment  of  these  requisitions  ;  the  refusal 
to  enter  into  negotiations  or  to  lend  a  hand  to  any  industrial 
operations  whatever  was  as  unanimous  as  the  refusal  to  work 
friendly,  and  later  on  even  the  authorities  ceased  to  endeavour 
to  carry  this  out.  The  formula  was  in  many  cases  extremely 
attractive — for  the  buyer  :  payment  of  the  invoiced  price,  with 
a  deduction  of  10  per  cent,  in  the  value  per  year  of  service 
for  the  depreciation  of  machinery,  to  the  credit  of  an  account 
lodged  in  Germany,  It  may  be  asked  whether,  in  the  case  of 
an  old  machine  of  more  than  ten  years'  service  being  carried  off, 
we  should  have  had  to  have  paid  a  certain  percentage,  in  recbg- 
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nition  of  the  "  service  "  which  was  being  rendered  to  us  by 
relieving  us  of  machinery  which,  despite  its  age,  was  still  capable 
of  giving  valuable  service ! 

An  important  victim  of  the  Maschinenbeschaffangstelle  was 
the  new  blast-furnace  gas  electro-generative  group  of  10,000 
indicated  horse-power  which  the  Gockerill  Company  was  about 
to  put^in  operation  in  its  large  central  power-house  at  the 
mom^it^when  war  was  declared. 

On  December  1,  1917,  and  quite  suddenly,  a  Commission, 
partly  dvil  and  partly  military,  came  to  take  possession  of  the 
engines,  access  to  which  was  forbidden  to  the  staff  of  the  works 
itself.  The  dismantling  was  commenced  by  an  inexperienced 
gang,  who  endeavoured  to  remove  the  immense  collector  of 
the  continuous  current  dynamo  blade  by  blade  by  means  of 
chisels  and  of  wrenches.  Later  on  a  German  engineering  specialist 
presided  over  the  work,  which  lasted  for  twenty  months. 

After  the  motor  it  was  the  turn  of  two  overhead  travelling 
cranes  of  40  tons  capacity,  and  the  hall  of  85  metre  span  which 
had  been  specially  built  to  shelter  the  largest  gas-engine  in  the 
world.  The  technical  difficulties  which  had  to  be  surmounted 
were  not  little,  the  driving-shaft  with  its  cranks  and  armature 
cross-head  alone  weighing  no  less  than  180  tons. 

The  whole  of  these  apphances  are  actually  in  course  of  being 
set  up  at  the  Kraft  Ironworks  (Abteilung  Niederrheinische  Huette 
at  Duisburg).  I  say  advisedly  in  course  of  being  set  up,  for 
although  the  Armistice  has  been  signed  for  the  past  six  months 
it  would  appear  that  the  work  is  with  strange  inconsistency  still 
continuing. 

The  German  demolishers  put  the  period  of  their  stay  in  our 
works  to  profit.  They  used  the  interior  of  the  huge  columns 
and  the  girders  of  the  overhead  cranes  as  hiding-places  for  supplies 
of  the  most  varying  description,  introduced  into  Germany  by 
fraud  and  stolen  from  goodness  only  knows  where — ^ham,  brawn, 
antimony,  lead,  butter,  bottles  of  wine,  copper  and  high-speed 
steel,  keeping  one  another  company  behind  the  shelter  of  the 
steel  plates,  which  were  carefully  riveted  up  afresh  after  the 
introduction  of  their  compromising  contents.  A  single  girder 
from  a  workshop  80  metres  in  height,  and  intended  for  the  harden- 
ing of  big  guns,  had  concealed  in  its  interior  700  bottles  of  wine 
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and  1000  Ulogrammes  of  white  metal.  The  demolitions  in 
Belgium  were  thus  serving  a  double  purpose.  Everyone  in  the 
industrial  world  knows  by  now  of  the  crimes  committed  by  these 
systematic  organisations  for  destruction  and  of  the  means  em- 
ployed to  secure  raw  materials  for  the  works  beyond  the  Rhine  ; 
the  savage  and  complete  destruction  of  our  works  will  long 
remain  in  our  memories,  and  many  visitors  to  our  ravaged 
country  have  been  able  to  see  our  blast-furnaces  ransacked  and 
demoUshed  ;  our  powerful  motors  reduced  to  fragments,  nothing 
remaining  of  them  but  their  shorn  and  twisted  foundation  bolts  ; 
our  workshops  destroyed  ;  our  rolling-mills,  with  only  their 
sites  remaining,  covered  with  a  chaotic  collection  of  debris,  a 
mass  of  twisted  scrap  and  demolished  machinery.  When  it  is 
remembered  that  this  work  of  destruction  was  carried  out  by 
metallurgists  Uke  ourselves,  executed  coldly  under  the  orders  of 
engineers  and  Professors  of  Universities  who  knew,  better  perhaps 
than  anyone  else,  the  destruction  they  were  accomplishing,  when 
we  contemplate  these  accumulated  ruins,  despite  our  constant 
and  continuous  experience  during  those  fifty-one  long  months 
of  warfare,  one  feels  stupefied  at  beholding  this  magnificent 
testimonial  to  German  **  Kultur."  The  facts  demonstrate  con- 
clusively that  if  the  recovery  of  raw  material  was  the  avowed 
object  of  the  organisation  this  object  was  none  the  less  often  only 
a  pretext.  Why  should  the  most  vital  parts  of  our  plant  have 
been  selected  for  destruction  ?  Why  should  not,  for  instance,  a 
single  plant  have  been  destroyed  entirely  for  the  recovery  of  the 
maximum  of  its  materials  instead  of  simply  being  mutilated  and 
stripped  of  whatever  was  easiest  to  remove  ?  Why  undertake 
the  work  of  devastation  throughout  every  comer  of  the  works 
simultaneously?  Why  were  the  thousands  of  tons  of  loose 
machinery,  stores  of  scrap,  not  only  distributed  over  the  whole 
country  but  found  in  the  works  themselves,  spared  in  favour 
of  reducing  to  scrap  motors  and  power-houses,  blowing-engines 
and  rolling-mills,  the  demolition  of  which  was  ten  times  as  costly 
and  difl&cult,  or  the  destruction  of  a  blast-furnace  or  a  reheating 
furnace  whose  frameworks  represent  but  an  insignificant  propor- 
tion of  material  and  value  as  compared  with  the  cost  of  the  furnace 
itself  ? 

It  is  therefore  perfectly  certain  that  one  of  the  chief  objects 
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pursued  was  to  suppress  future  embarrassing  competition,  to 
disable  for  a  long  period  to  come  a  rival  whose  energy  was  dreaded, 
and  to  create  a  market  for  German  enterprise  which  the  Germans 
imagined  they  would  be  allowed  to  occupy  after  the  War  ! 

I  have  little  more  to  add  :  we  have  now  happily  emerged 
from  this  nightmare,  disabled  and  injured  in  the  struggle,  but 
hopeful  and  proud  of  the  victory.  We  have  nothing  to  blush 
for  before  tlie  rest  of  Europe.  At  the  cost  of  great  sacrifice  we 
have  shown  ourselves  worthy  of  our  great  AUies,  and  we  await, 
like  them,  that  era  of  peace,  of  fruitful  labour  and  of  closer 
communion  which  may  lead  to  the  recovery  of  our  prosperous 
past. 
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DISCUSSION. 

The  President,  in  proposing  a  hearty  vote  of  thanks  to  Mr. 
Greiner,  said  he  felt  very  sorry  that  the  members  had  had  to  hear  of 
such  horrors  and  atrocities,  which  it  was  a  shame  to  mankind  should 
have  been  committed.  He  hoped  that  full  knowledge  of  those  deeds 
would  reach  the  Peace  Conference,  and  that  the  peace  all  were  await- 
ing would  be  an  enduring  peace. 

Dr.  A.  Cooper,  Past-President,  remarked  that  as  President  in 
1913  he  had  participated  in  the  visit  of  the  Institute  to  Belgium,  when 
he  had  been  much  struck,  as  he  believed  all  the  members  had  been, 
with  the  splendid  work  which  was  being  carried  on  in  that  country, 
which  was  really  a  hive  of  industry.  He  had  been  much  touched  by 
the  description  of  the  havoc  that  had  been  wrought,  and  he  was  sure 
all  members  of  the  Institute  who  had  taken  part  in  that  visit  would 
join  with  him  in  expressing  their  deep  sympathy  with  the  Belgians 
in  the  terrible  time  they  had  undergone.  As  metallurgists  the  members 
regarded  it  as  a  wonderful  thing  to  produce  a  spiegel  containing  30  per 
cent,  of  manganese  from  a  slag  containing  56  per  cent,  of  silica.  That 
alone  was  amongst  many  ot£ers  a  feat  which  deserved  the  highest 
congratulations  and  appreciation.  He  thanked  Mr.  Greiner  for  his 
very  able  paper  and  for  his  description  of  what  had  happened  to 
Belgian  plants  and  machinery  during  the  German  occupation. 

Mr.  F.  W.  Harbord,  C.B.E.,  Member  of  Council,  stated  he  had 
recently  been  in  Belgium,  and  had  had  the  opportunity  of  visiting 
the  Seraing  works,  and  two  or  three  other  works  in  the  district.  It 
was  only  when  one  saw  the  deliberate  way  in  which  those  works  had 
been  destroyed  that  one  could  realise  fully  the  terrible  sufferings  of 
our  Belgian  allies.  The  destruction  had  in  many  cases  been  most 
deliberate.  In  most  of  the  works  which  relied  on  power  from  their 
blast-furnaces,  the  engines  had  been  taken  away.  The  mills  at  the 
Seraing  and  at  other  works  had  been  deliberately  cut  out  at  the  founda- 
tions, and  in  many  cases  the  bolts  bent  over  and  left  in.  It  would 
be  necessary  to  start  de  novo  in  many  cases.  The  most  serious  part 
of  the  matter,  far  more  serious  than  the  actual  taking  away  of  plant, 
was  the  loss  of  business,  and  he  hoped  it  might  be  possible  in  the 
Peace  negotiations  to  ensure  that  not  only  would  that  machinery  be 
replaced,  but  that  during  the  time  of  that  replacement  the  Germans 
should  supply  to  the  Belgians  material  of  the  required  sections  to 
enable  them  to  maintain  their  connection  while  their  works  were 
being  restored.  How  far  that  might  be  possible  he  did  not  know,  but 
something  of  the  sort  was  due,  because  no  compensation  and  no  restora- 


Digitized  by 


Googk 


DISOUBBION  ON  GRBINER's  PAPEB.  45 

tion  of  the  works  could  really  make  up  for  the  terrible  damage  which 
had  been  done,  and  the  immense  losses,  direct  and  indirect,  which 
Belgium  had  suffered  in  various  ways. 

Mr.  RiCHABD  Matheb  (London)  said  he  had  visited  the  Continent 
as  a  member  of  a  Commission  sent  over  by  the  Grovemment  about 
three  weeks  earlier,  consisting  of  Dr.  Hatch,  Mr.  Ennis,  Mr.  Henderson, 
and  himself.  After  inspecting  some  of  the  German  steelworks  they 
came  back  through,  and  visited  works  in  Luxembourg,  Belgium,  and 
Northern  France,  and  were  shown  the  Cockerill  works,  among  others. 
He  was  not  surprised  at  the  feeling  which  Mr.  Greiner  had  shown  in 
describing  the  damage  done,  the  extent  of  which  was  appalling.  It 
was  not  as  though  one  or  two  works  in  a  single  district  had  been 
demolished.  Every  works  had  been  completely  put  out  of  action,  at 
any  rate  for  the  time  being.  The  estimates  contained  in  the  paper 
were  really  quite  sanguine.  The  Belgians  and  the  people  in  the  North 
of  France  would  be  very  fortunate  indeed  if  they  succeeded  in  getting 
anything  like  25  per  cent,  of  their  output  of  finished  steel  within  another 
twelve  months  from  the  present  date.  The  handicap  put  on  Belgian 
industry  was  most  serious.  No  amount  of  money,  and  no  amount  of 
recovery  either  of  the  original  Belgian  machinery  or  of  corresponding 
machinery  belonging  to  the  Germans  which  could  possibly  be  trans- 
ferred, would  completely  indenmify  the  Belgians  or  the  firms  in  the 
North  of  France  for  the  damage  which  had  been  done  to  them.  It 
was  the  unanimous  feehng  of  the  members  of  the  Commission  that 
it  was  the  duty  of  American  and  British  iron  and  steel  works  and 
engineering  finns  to  do  whatever  lay  within  their  power  to  help  the 
Bdgians  by  giving  them  priority  of  delivery  and  every  other  assistance 
so  tiiat  they  might  restore  their  plant.  On  behalf  of  the  Conmiission 
he  wished  to  emphasise  to  the  members  of  the  Institute  the  complete- 
ness of  the  damage  which  had  been  done,  the  difficulty  of  the  task 
the  Belgians  and  French  had  before  them,  and  how  necessary  it  was 
that  whatever  help  could  be  given  from  Great  Britain  should  be  given. 
In  many  cases  the  work  of  reconstruction  would  be  far  more  difficult 
than  the  building  of  new  works.  There  were  concrete  foundations 
cumbering  the  ground  which  would  have  to  be  cleared  away,  and  to 
b^in  completely  afresh  would  in  many  cases  be  simplicity  itself  com- 
pared with  the  difficulty  of  removing  the  debris  and  the  re-erection  of 
the  works  on  the  present  sites — to  which  in  many  cases  there  were, 
however,  no  practicable  alternatives. 
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USE  OF  PULVERISED  COAL,  WITH  SPECIAL 
REFERENCE  TO  ITS  APPLICATION  IN 
METALLURGY. 

By  L.  C,  HARVEY  (Lohdoh). 

A  REPORT  on  the  whole  subject  of  the  preparation  and  application 
of  pulverised  coal  has  recently  been  submitted  by  the  author 
to  the  Director  of  Fuel  Besearch.  This  report  embodies  the 
results  of  investigations  carried  out  in  America,  and  contains  a 
general  r^um6  of  the  advantages  claimed  for  the  use  of  soUd 
carbonaceous  fuels  in  pulverised  form.  The  report  deals  chiefly 
Viiih  the  application  of  pulverised  fuel  to  steam  raising,  the 
generation  of  motive  power,  and  as  a  source  of  heat  in  metallurgical 
works.  The  various  types  of  fuels  suitable  for  use  in  pulverised 
form  are  considered,  and  installations  which  have  been  at  work 
for  some  years  in  America  are  described,  and  particulars  are 
given  of  the  capital  cost  of  the  plants,  of  the  working  costs  and 
piethods  of  operations. 

The  following  paper  is  intended  to  form  a  supplement  to  the 
information  contained  in  the  above-mentioned  publication,  which 
is  referred  to  hereafter  as  the  "  Report."  It  cannot  be  denied 
that  remarkable  progress  in  the  use  of  coal  in  powdered  form  has 
been  made  in  America  during  the  past  five  or  six  years.  The 
reason  that  this  method  has  not  received  in  this  country  the 
attention  which  it  merits  is  undoubtedly  due  to  the  war  and 
to  the  dijficulties  and  delays  attendant  upon  the  introduction 
of  new  systems,  radically  affecting  works  operations. 

In  view  of  the  many  and  varied  valuable  by-products 
derivable  from  coal  which  can  only  be  reclaimed  by  means  of 
distiUation,  it  might  be  suggested  on  first  consideration  that  any 
progress  in  the  direction  of  economising  fuel  resources  should 
take  the  form  of  preventing  consumption  of  any  coal  in  the 
raw  state.  Whenever  it  becomes  an  accomplished  fact  that  all 
industries  requiring  power  or  heat  can  be  supplied  with  cheap 
electric  energy  or  gas  from  the  supegr-power  stations  now  proposed, 
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where  the  coal  used  will  be  subjected  to  distillation,  it  will 
be  time  enough  to  prohibit  the  direct  combustion  of  coal. 
Possibly  pulverised  fuel  will  itself  play  an  important  part  in 
promoting  the  universal  distillation  of  coal  by  providing  a  ready 
means  for  the  disposal  of  the  resulting  by-product  coke.  Pro- 
vided that  12  to  15  per  cent,  of  volatile  matter  is  left  in  the 
coke,  such  fuel  can  be  efficiently  burnt  in  pulverised  form. 

In  the  meantime,  however,  the  fact  that  12  million  tons  of 
coal  per  annum  are  pulverised  in  America  affords  sufficient 
evidence  of  the  immediate  economy  which  might  be  secured  by 
the  use  of  powdered  fuel,  and  what  applies  to  America  will  apply 
also,  and  in  greater  measure,  to  this  country. 

With  every  increase  in  rate  of  wages,  prices  for  materials, 
fuel,  railway  transportation,  shipping  freights,  and  cost  of  living 
will  be  increased.  Water-borne  fuel  such  as  oil,  which  now  stands 
at  a  prohibitive  price,  is  not  likely  to  become  extensively  used 
in  England ;  we  must  therefore  use  the  coal,  lignite,  or  peat 
deposits  that  we  have  ready  at  hand,  and  to  far  better  advantage 
than  we  have  done  in  the  past.    - 

A  six  hours*  day  at  the  mines,  and  a  80  per  cent,  increase  in 
wages  over  war  rates  are  estimated  to  cost  the  community  some 
£45,000,000  per  annum,  and  will  probably  represent  an  all-roun4 
rise  of  at  least  Ss.  per  ton  in  the  price  of  coal  for  industrial  pur- 
poses. The  wages  of  transport  workers,  railway  employees — 
in  fact,  the  wagds  of  all  classes — are  bound  to  rise  in  sympathy, 
so  that  coal  may  cost  three  and  probably  four  times  pre-war 
prices,  and  the  higher  the  price  of  coal  the  more  necessary  it 
becomes  to  cut  down  consumption. 

Although  it  is  rightly  claimed  for  pulverised  fuel  that  any 
grade  of  coal  can  be  used  in  this  manner,  it  is  naturally  on  the 
high-priced  fuels  that  the  savings  effected  become  of  greatest 
monetary  value. 

By  installing  pulverised  coal  systems  the  whole  of  the  coal 
supply  is  concentrated  at  one  or  more  central  milling  stations. 
All  truck  lines,  sidings,  engines,  truck  lifts,  &c.,  and  practically 
all  labour  for  coal  transport  throughout  the  works  are  dispensed 
with.  A  view  of  the  interior  of  a  typical  coal  mill  plant  is  shown 
in  Plate  I. 

It  can  be  taken  as  an  outside  figure  that  the  drying,  grinding* 
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Plate   I. 


Interior  view  of  typical  pulverized  coal  mill  house  showing  crushed  coal  storage  bin, 
dryer  and  Quigley  blowing  tanks. 


To  Uice  p.  48. 
Digitized  by  VjOOQ IC 


Digitized  by 


Googk 


HEFfiBENOB   TO  ITS  At»PLI0ATIOK  IN   METALLUROT.  49 

and  transportation  of  100  tons  of  pulverised  coal  will  require 
the  attention  of  not  more  than  four  men  per  shift  per  twenty- 
four  hours  ;  or,  say,  twelve  men  on  eight-hour  shifts,  or  twenty- 
four  men  on  six-hour  shifts.  The  usual  American  allowance  for 
this  output  is  three  men  per  shift  per  twenty-four  hours ;  two 
men  in  the  mill  house,  and  one  man  on  the  transport  Une.  At 
the  furnaces  it  is  often  possible  to  do  entirely  without  firemen, 
as  the  fuel  is  appUed  in  the  same  manner  as  oil  or  gas,  and  the 
temperature  within  the  furnace  is  easily  regulated  by  the  men 
carrying  out  the  actual  metallurgical  operations. 

Another  important  economy  consequent  upon  the  use  of 
pulverised  coal  is  the  reduction  in  metal  loss  or  scahng.  In  one 
instance  in  America  a  total  amount  of  8*68  tons  of  steel  was 
saved  in  this  manner  per  day  on  a  reheating  furnace  having  an 
output  of  168  tons  of  billets  (for  rolling),  or  a  saving  of  over  2  per 
cent,  in  actual  metal  as  compared  with  hand-firing.  This  was 
chiefly  due  to  the  small  amount  of  excess  air  used  with  powdered 
coal.  Also,  owing  to  the  ease  with  which  a  reducing  atmosphere 
can  be  maintained,  oxidation  in  annealing  furnaces  is  almost 
entirely  overcome,  and  the  Uf  e  of  annealing  boxes  is  in  consequence 
twice  as  long  as  with  hand-  or  gas-firing. 

In  summing  up  these  general  advantages,  such  as  saving  in 
coal,  saving  in  works  equipment  costs,  freeing  railway  space  for 
other  purposes,  removal  of  causes  for  accidents,  considerably 
reduced  labour  costs  for  fuel  handling  and  burning,  reduced  loss 
of  metal  often  with  a  considerably  increased  output  of  furnace 
plant  and  steam  boilers,  increased  life  of  refractory  brickwork 
(excepting  only  open-hearth  furnaces),  increased  life  to  annealing 
boxes,  it  must  be  admitted  that  there  are  great  possibilities 
attaching  to  this  system  of  burning  soUd  fuels.  As  a  means  of 
using  up  accumulations  of  low  grade  and  high  ash  fuels,  such  as 
mine  tips,  and  the  exploitation  of  Ugnite,  peat,  and  other  car- 
bonaceous deposits,  pulverisation  offers  a  ready  solution. 

The  accompanying  table  from  the  Final  Beport  of  the  Coal 
Conservation  Committee  shows  a  subdivision  of  coal  consumption 
for  home  purposes  (see  Table  I.),  and  upon  the  figures  given  an 
estimate  has  been  made  as  to  the  possible  tot&l  quantity  of  fuel 
that  might  be  used  in  pulverised  form. 

That  this  table  i^  necessarily  based  upon  wide  assumptions 
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is  admitted,  bat  it  will  perhaps  indicate  the  range  of  possibili- 
ties in  this  direction,  and  suggest  a  relation  between  capital  ex- 
penditure and  overall  operating  costs  for  applying  and  burning 
powdered  coal  in  the  quantities  stated. 

In  his  recent  address  to  the  Society  of  British  Gas  Industries, 
Sir  Eobert  ^adfield  gives  very  valuable  information  as  to  fuel 
statistics,  heating  values  and  costs,  and  furnace  efficiencies  for 
tho  various  methods  of  heatiag.  By  kiad  permission  the 
accompanying  Table  II.  has  been  reproduced  from  Sir  Robert 
Hadfield's  address,  and  to  this  has  been  added  an  estimate  of 
the  quantity  and  cost  of  pulverised  coal  required  for  melting 
1  ton  of  steel. 


Table  II.— Melting  1  Ton  ofSted. 

Amoont 
of  Fuel 

B.t.Q.  in 

Coat  of 

Fuel. 
Total 
Coat. 

Heat 

Effi. 

ciency. 

Lost 

Tons 
of  Raw 

or  Energy 
oonramed. 

FueloMd. 

Foel. 

Heat. 

Coal 
used. 

Tons. 

«.    d. 

Pfer 
Cent. 

Per 

Cent. 

<  CmOiU  Mtiiing. 

,     Coke        . 

2-60 

73,000,000 

47s. 

117    6 

1-4 

98-6 

3-76 

;  0pm4ieaHk  Mdiing. 

Pndaoer-sM    . 

0-30 

9.400,000 

IDs. 

5    8 

13-6 

86-5 

0-3 

0-20 

6,272,000 

198. 

3  10 

20-2 

79-8 

0-2 

Comcting     for    coal 

' 

consu]]^  for  pre- 

paring and  burning 

at  18  lb.  coal  per 

ton  steel 

0-208 

6.510.000 

198. 

3  11 

19-5 

80-5 

0-208 

:  KUdrie  M  tiling  . 

510anita 

1.780.0001 

0-72d. 

30  11 

68 

32 

0-66 

1  20,000,000  in  coal  at  Power  Station,  0-66  ton  of  coal. 

In  order  to  arrive  at  the  relative  values  for  pulverised  coal, 
a  fuel  containing  14,000  B.t.u.  (the  basis  taken  for  the  producer- 
gas  figures)  has  been  assumed,  and  with  such  a  fuel  value  a 
reduction  of  8  to  5  can  be  made  as  against  producer-gas  for 
medium  size  open-hearth  plants. 

A  fuel  economy  bearing  this  ratio  was  effected  in  a  steelworks 
in  America  when  melting  steel  with  Illinois  coal  of  10,000  B.t.u., 
and  on  this  basis  the  quantity  of  coal  required  to  melt  1  ton  of 
steel;  given  in  Sir  Bobert  Hadfield's  table,  can  be  reduced  to 
0*2  of  a  ton  when  powdered  coal  is  used. 

When  considering  the  use  of  electricity  for  steel  melting. 
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the  figures  for  power  or  heat  losses  given  by  Sir  Eobert  Hadfield 
show  that 'we  may  start  with  a  coal  having  a  value  of  14,000  B.t.u.; 
of  which  4957  B.t.u.  are  used  in  the  furnace,  the  balance  being 
dissipated  in  the  following  order : 

Raw  ooal  value  -  14,000  B.t.ii. 

Per  Cent. 

OTenll  effidenoy  of  boUen 75  »  10,600  B.ttt.  used 

Turbine  effidency           80  »    8,480 

Generator  efSdenoy 92  -*    7,801 

line  effidenoy 99  «    7,722 

Transformer  effidenoy 98  «    7,366 

Conductor  effidenoy 99  «    7,291 

Fumaoe  effidenoy  (taken  from  Table  IT.)          .         .  68  »    4,957 

4957  B.t.u.  is,  roughly,  35*4  per  cent,  of  the  B.t.u.  value  of  the 
coal  used  in  the  generation  of  electric  power  supplied  to  the 
furnace,  and  cost  per  ton  melted  is  80s.  lid.  On  the  other 
hand,  powdered  coal  wiU  show  the  following  overall  heat 
value  loss : 

Raw  ooal  -  14,000  B.tn. 

Drying  prooeas  2  per  cent,  ooal  value  «  13,720  B.t.u. 

Power  for  omshers,  elevators,  dryers,  mill  oonveyors,  and  air-fans  at  fumaoes  absorb  about 
30  kilowatt-hours  per  ton  of  fuel  burned ;  that  is,  0-04  lb.  of  ooal  is  used  for  these  purposes 
per  lb.  of  fuel  burned.    This  reduces  the  13,720  B.t.u  by  560  B.t.u.  »  13,160  B.t.u. 

Allowing  for  furnace  efficiency  of  20*2  per  cent,  (taken  from 
Table  II.)  when  burning  powdered  coal,  the  heat  value  of  coal 
actually  used  in  the  furnace  becomes  2444  B.t.u.,  or  17*4  per 
cent,  of  the  original  B.t.u.  value  of  the  coal.  Cost  per  ton  of 
steel  melted  =  8s.  lid. 

Produeer-Oaa  Firing. 
Raw  ooal,  14,000  B.t.n.  at  13*5  per  cent,  overall  effidenoy  —  1890  B.t.n.  used. 

Cost  per  ton  of  steel  melted  =  5s.  8d. 

It  must  be  remembered  that  there  is  no  possibility  of  working 
waste  heat  boilers  in  conjunction  with  electric  melting  furnaces, 
whereas  with  powdered  coal  and  producer-gas  possibly  50  per 
cent,  of  the  heat  passing  out  of  the  regenerators  can  be  used  for 
raising  steam. 

This  being  so,  the  heat  values  for  the  three  systems  then  bear 
the  following  relation  (p.  53). 

In  the  metallurgical  world  it  will  be  chiefly  in  comparison 
with  producer-gas  practice  that  powdered  coal  will  be  considered. 
In  certain  cases  the  advantages  of  the  one  will  outweigh  those 
of  the  other. 
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Heat  Value  of 
Raw  Coal. 

Ultimate  Value 
of  Heat  need. 

3-t.u.'8  used 
per  Cent. 

1.  Powdered  ooal  fnmaoe    . 

2.  Prodaoer-gas  luinaoe 

3.  Efeotzio  melting  foniaoe 

B.t.a. 
14,000 
14,000 
14,000 

7708 

67311 

4957 

06-0 
480 
35-4 

Each  system  has  its  rightful  sphere  of  usefuhiess^  and  each 
has  its  faults  and  difficulties. 

In  the  new  types  of  modem  mechanically  fed  gas-producers, 
such  as  those  of  the  Morgan  Construction  Company  of  Worcester, 
Mass.,  in  which  ash  removal  ploughs  are  employed  in  addition  to 
mechanical  feed  gear,  it  is  stated  that  one  man  can  tend  a  battery 
of  six  10-foot  producers.  This  company  claims  for  their  most 
recent  10-foot  producers  a  duty  equal  to  8000  lb.  of  coal  gasified 
per  hour,  giving  gas  of  178  B.t.u.  as  against  1600  to  1700  lb.  of 
the  same  quality  of  coal  gasified  in  most  of  the  well-known 
mechanical  producers,  making  gas  of  about  145  B.t.u.  per  cubic 
foot.  This  means  that  one  man  on  an  eight-hour  shift  will  tend 
a  *^  Moi^an  "  producer  plant  handling  144,000  lb.  of  coal  and  at 
75  per  cent,  overall  heat  value  efficiency  at  the  furnace  a  coal 
equivalent  of  138,000  lb.  of  coal  burned  in  the  furnaces. 

In  a  coal  pulverising  mill  a  shift  of  three  men  will  be  required 
to  operate  the  dryer,  mills,  and  conveying  system  for  an  output 
of  8  tons  per  hour,  or  148,860  lb.  per  eight-hour  shift  or  47,7861b. 
of  coal  per  man,  of  which  95  per  cent,  will  be  received  at  the 
furnace  or  45,315  lb.  of  coal  burned  in  the  furnace.  Normal 
practice  with  ordinary  mechanically  fed  producers  is  said  to  be 
only  one-fourth  the  amount  of  coal  handled  per  man  as  compared 
with  the  latest  types  of  Morgan  producers.  If  this  is  so,  the 
coal  handled  per  man  per  shift  will  be  85,840  lb.  per  eight-hour 
shift  on  ordinary  mechanically  fed  producers;  for  hand-fired 
producers  but  10,000  lb.  or  so. 

As  against  hand-fired  producers  pulverised  coal  systems  there- 
fore show  a  very  greatly  increased  tonnage  handled  per  unit  of 
labour,  and  as  against  normal  mechanically  fed  producers  an 
increase  of  25  per  cent.    In  comparison  with  hand-fired  and  hand- 

1  Thin  allows  for  a  prodaoor  effidencnr  of  80  per  cent.,  and  a  furnace  effldenoy  aa  for  pow* 
dend  ooal,  204  per  oeat,  whioh  is  a  bbenJ  altowanoe  for  gas-fitsng. 
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poked  producers,  moreover,  at  least  four  times  the  heat  equivalent 
of  coal  can  be  delivered  to  the  furnaces  per  single  operator  per  shift. 

A  comparison  between  furnace  efficiencies  for  powdered  Qoal, 
oil,  and  producer-gas  firing  has  been  made  by  Mr.  C.  P.  Herrington.^ 

No  allowance  for  overall  efficiency  of  the  plants  was  made  in 
these  calculations,  and  if  one  accepts  an  overall  loss  of  5  per  cent, 
in  coal  for  powdered  fuel  systems  and  25  per  cent,  loss  for  pro- 
ducer-gas practice,  then  Mr.  Herrington's  figures  for  the  net 
overall  efficiencies  for  the  three  systems  bear  the  following 
relation  as  regards  actual  fuel  efficiency : 

Powdered  Ooal  (fnrnaoe  waxig  preheated  air  for  combustion). 

FuniaoeooalatdO''F. 

Steel  and  famace  heated  to  2200**  F. 

Rise  in  temperatoro,  2140''  F. 

Bj  test,  6-29  lb.  of  stoel  heated  per  pound  of  coal  burned. 

Specific  heat  of  steel,  0117. 

0*117  X  2140  -  260  B.t.n.  per  lb.  of  steeL 

250  B.t.u.  X  6-29  -  1672  B.t.u.  output. 

1  lb.  of  coal  -  14,000  B.t.ii.  input. 

Efficiency -^55^^^—  -11-3  per  cent.;     or  allowing   95    per  cent,   overall  fuel 

efficiency-  — ^,^,-^,i-  -  10-7  per  cent. 
14,7  lo 

Fud  OH  (same  furnace  with  same  rise  in  temperature  and  the  same  charge  of  work). 

Heated  8'd8  lb.  of  steel  per  pound  of  oil. 

1  lb.  of  oil  »  19.400  B-tu.  input. 

250  B.t.u.  X  8-68  -  2170  B.tu.  output. 

Efficiency  -  ?LJ^^^^  -  11-3  per  cent. 

Water  Oat  (furnace  using  preheated  air  for  combustion). 

1  cubic  foot  of  gas  —  300  B.t.n. 

Specific  heat  of  wrought  iron  —  0-113  (Kent). 

limpeiature  rise  from  1400**  to  2500''  -  llOO'^F. 

Furnace  chaiged  with  3800  lb.  iron. 

To  raise  this  iron  to  that  temperature  required  14,000  cubic  feet  of  gas. 

0113  X  1100  -  124  B.t.u. 

3800  X  124  -  471,200  B.t.u.  output 

14,000  X  300  -  4,200.000  B.tn.  input. 

471  200  X  100 
Efficiency  -     -Z ono"^—  -  11-2  per  cent. ;  or  allowing  75  per  cent  overall  producer 

efficiency  -  ^71.200  X  100  ^  g.^         ^^^ 
^  5,600,000  *^ 

No  doubt  the  outstanding  questions  of  particular  interest 
are  those  concerning  capital  cost  for  pulverising  plants  of  various 
capacities,  the  overall  operating  costs  for  running  these  plants 
and  attendant  conveying  and  burning  expense,  also  the  relation 
that  such  figures  bear  to  the  price  of  coal.    The  author  has  en- 

t  Enginuring  News,  Deoombor  10,  1914. 
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deavoored  to  set  out  these  various  costs  in  concise  form  both  in 
tables  and  in  curves,  but  additional  allowance  must  be  made 
for  branch  conveying  systems,  coal  bins  and  burner  gear  at 
furnaces,  boilers,  &c. 

Such  additional  cost  may  be  taken  at  from  80  per  cent,  to 
50  per  cent,  for  normal  works  equipment,  but  may  reach  100  per 
cent,  on  the  cost  of  mill-house  plant  when  furnaces  are  small 
and  numerous,  or  scattered  over  a  large  area. 

It  is  of  Uttle  use  to  consider  estimates  as  to  mill-house  cost 
wherein  figures  relating  to  capital  outlay  or  running  costs  have 
been  cut  down  to  the  lowest  limits,  for  these  miniTniim  costs  are 
seldom  experienced  in  practice.  Ample  allowance  has  therefore 
been  made  in  each  instance  to  cover  all  reasonable  charges  at 
present-day  high  prices  for  material,  machinery,  buildings,  &o., 
and  sufficient  allowance  has  been  made  for  maintenance,  interest, 
depreciation,  and  labour. 

In  addition  to  the  bare  complement  of  drying  and  crushing 
plant  necessary  for  the  daily  capacities  given  a  series  of  columns 
have  been  added  to  cover  stand-by  plant.  The  provision  of  the 
latter  slightly  increases  the  overall  running  costs,  due  to  interest 
and  depreciation  charges  on  idle  machinery. 

Table  III.  shows  the  number  and  sizes  of  dryers  and  pulverisers 
required  for  5  to  1000  tons  of  powdered  coal  per  twenty-four 
hours  and  for  complete  mill-house  equipments. 

Unless  extensions  in  the  direction  of  additional  furnace  or 
boiler  plant  are  contemplated,  it  will  not  be  always  sound  practice 
to  instal  a  complete  mill  equipment  for  a  daily  output  below, 
say,  20  tons.  On  the  other  hand,  it  may  often  be  the  intention 
not  only  to  use  powdered  coal  in  the  one  department  where 
initial  trials  are  to  be  carried  out,  but  to  extend  the  application 
to  other  shops  in  course  of  time.  In  such  cases  it  will  be  ad- 
visable to  instal  the  complete  mill-house  plant,  but  in  order  to 
use  powdered  coal  in  small  quantities  it  may  often  be  better 
policy  to  purchase  self-contained  pulverising  units  such  as  the 
"  Aero  "  machine. 

It  will  be  seen  that  capital  outlay  and  running  costs  for  small 
complete  mill-house  plants  may   become  out  of  proportion  to 
the  benefits  to  be  realised. 
.  In  the  table  of  operating  expenses  (Table  IV.)  it  has  bom 
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assumed  that  for  the  whole  range  of  capacities  even  below  20 
tons  per  day  complete  mill-honse  equipments  will  be  preferred. 

Table  V.  shows  capital  costs  for  small  self-contained  units 
of  the  ''  Aero  "  type,  and  overall   running  costs  on  the  same 


Table  IIJ 

,—MiU'Eouse  Dryer  and  Ptdveriser  MUl  Equipment. 

Na  and 

No.  and 

Daflj 
Output 

in 
Tons. 

Output 

Hour 

in 
Tons. 

Siieof  Milla. 

Size  of  Dryers. 

No. 

of 

Men. 

No.  and 
Dura- 
tion of 
Shifts. 

Labour. 
Hours 

Runninff 

Stond.by 

Ruimiiiff 

Stand-by 

FUnt 

PUni. 

Plant. 

PUnt. 

Inches. 

Inches. 

Tons. 

Tons. 

Hours. 

6 

1-2 

1-24 

1-24 

1-4 

K0D6 

2 

2-8 

32 

10 

2 

1-33 

••• 

„ 

»t 

2 

1-8 

16 

16 

2 

1-33 

... 

tf 

2 

1-8 

16 

20 

2 

1-33 

1-33 

f> 

2 

2-8 

82 

90 

2 

1-33 

1-33 

,, 

t» 

^ 

2-8 

82 

40 

2 

1-33 

1-33 

ft 

t» 

2 

3-8 

48 

00 

4 

1-42 

1-42 

>i 

2 

2-8 

32 

60 

4 

1-42 

1-42 

,, 

t( 

2 

2-8 

32 

70 

4 

1-42 

1-42 

It 

2 

2-S 

32 

80 

4 

1-42 

1-42 

»* 

2 

3-8 

48 

90 

4 

1-42 

1-42 

r» 

2 

3-8 

48 

100 

6 

3-33 

1-33 

US 

»» 

3 

2-8 

48 

100 

8 

2-42 

1-42 

1-8 

1-8 

2 

3-8 

48 

aoo 

12 

3-42 

1-42    • 

1-10 

1-10 

3 

2-8 

48 

200 

12 

3-42 

1-42 

1-14 

1-14 

3 

3-8 

72 

300 

16 

4-42 

1-42 

1-14 

1-14 

3 

3-8 

72 

300 

16 

4-42 

1-42 

1-14 

1-14 

3 

3-8 

72 

400 

20 

6-42 

1-42 

2-10 

1-10 

4 

3-8 

96 

460 

20 

6-42 

1-42 

2-10 

1-10 

4 

3-8 

96 

600 

24 

6-42 

1-42 

2-14 

1-14 

6 

3-8 

120 

660 

24 

6-42 

1-42 

2-14 

1-14 

6 

3-8 

120 

600 

28 

7-42 

2-42 

2-14 

1-14 

6 

3-8 

144 

660 

28 

7-42 

2-42 

2-14 

1-14 

6 

3-8 

144 

700 

32 

8-42 

2-42 

2-14 

1-14 

6 

3-8 

144 

760 

36 

9-42 

2-42 

4-10 

1-10 

7 

3-8 

168 

800 

40 

10-42 

3-42 

4-10 

1-10 

8 

3-8 

1921 

860 

40 

10-42 

3-42 

6-10 

1-10 

8 

3-8 

192 

900 

40 

6-^7 

1-^7 

4-14 

1-14 

6 

3-8 

144 

960 

44 

6-67 

1-67 

4-14 

1-14 

6 

3-8 

144 

1000 

48 

6-^7 

1-67 

4-14 

1-14 

6 

3-8 

144 

basis  of  calculation  as  for  those  accepted  for  the  larger  installa- 
tions.  It  does  not  necessarily  follow  that  this  course  is  recom- 
mended,  for  under  certaia  conditions  the  small  self-contained 
units  would  be  quite  unsuitable.  The  difference  between  the 
cost  of  the  small  unit  and  that  of  complete  mill-house  equipment 
appears  attractive,  but  the  latter  affords  flexibility  of  supply. 
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whereas  a  separate  Aero  unit  must  be  installed  for  each  fnmaoe 
or  kihi. 

Table  IV.  contains  figures  for  labour  rated  at  £8  per  week 


Tabus  IV. — Capital  Outlay  and  Operating  Costs  of  Mill-House 
Plants  of  Various  Capacities, 


1 

1 

TV_5l_ 

Ldboor. 
Cort 

Tower. 
Cort 

With  Stand-by  Plant. 

1^ 

jTona. 

Too. 
d. 

Re. 

piurs 

d. 

Costol 

PUat. 

ixkdiadiiiff 

Baflding. 

Interest 

Depre- 
cUtion 

10  pA 
Gent. 

Total 

Cost  of 
Plant 

Interest 
6  per 
Cent. 

Depre- 
da^on 
10  per 

Total 
Cost 

«.    d. 

«.    d. 

£ 

«.    d. 

«.    d. 

«.    i. 

£ 

«.    d. 

«.    d. 

a.    d. 

5 

4    2 

5 

4 

3,500 

2    9i 

4    8 

13  loi 
11    2} 

4.250 

3    41 

5    7 

15    41 
11    2{ 

10 

2    1 

5 

4 

6.700 

2    8 

4    5| 

6.700 

2    8 

4    61 

15 

1    8 

6 

4 

6.700 

1  10 

3    0 

8    6 

6.700 

1  10 

3    0 

8    6 

20 

1  10| 

5 

4 

8.650 

1    9 

2  lOi 

8    6 

9,650 

1  111 

3    3 

9    1 

30 

1     6 

5 

4 

9,300 

1    3 

2    1 

6    9 

10,300 

1    4 

2    31 

7    1 

40 

1     «i 

5 

5 

9.300 

11 

1    7 

6    li 

10.300 

1    0 

1    9 

6    5 

60 

10 

5 

4 

11.100 

m 

1     6 

5    2 

12.700 

1    0 

1    81 

5    61 

.    eo 

H 

5 

4 

11.100 

9 

1    3 

4    8 

12.700 

101 

1    5 

4  11 

1      70 

7 

5 

5 

11,100 

a 

1    1 

4    4 

12,700 

8 

1    21 

4    7 

'      80 

9 

5 

5 

11.100 

11 

4    3 

12.700 

7 

1     1 

4    61 

90 

^ 

5 

5 

11.100 

6 

10 

4    1 

12.700 

6 

li 

4    3 

100 

7} 

4j 

5 

13.500 

61 

11 

4    1 

14.500 

7 

'^H 

4    2( 

150 

5 

4 

5 

15.000 

4 

8 

3    6 

18,100 

5| 

9 

.3    91 

200 

4 

4 

4j 

' 

18.500 

4 

7* 

3    4 

23.600 

51 

9 

3    71 

250 

4i 

4 

4 

18.500 

3{ 

6 

3    2 

22,550 

41 

7 

3    4 

300 

4 

4 

4 

19.100 

3 

5 

3    0 

23,150 

4 

6 

3    2 

1    350 

31 

4 

4 

20.550 

«i 

4 

2  11 

24.600 

II 

5 

3    0 

400 

3 

4 

4 

22.500 

2 

4 

2    9 

25.850 

5 

3   (y 

'    450 

3 

4 

4 

24.000 

2 

4 

2    ^ 

27  350 

3 

5 

2  11 

600 

4 

4 

4 

25.600 

2 

4 

2    8 

29.650 

ii 

5 

2  11 

1    560 

3i 

4 

4 

27^500 

2 

4 

2    8 

31,550 

4 

4 

2  10 

1    600 

3 

4 

4 

29.100 

2 

4 

2  1(^ 

34.750 

21 

4 

2  11 

650 

3 

I    2i 

4 

4 

30.900 

2 

3} 

2    7 

36.550 

*i* 

4    . 

2  101 

700 

3 

4 

4 

32.500 

2 

3 

ill 

38.150 

2 

4 

2    91 

750 

3 

4 

4 

34.300 

2 

3 

39,250 

2 

4 

2    91 

800 

3 

4 

4 

35.900 

2 

3 

2    8 

42.450 

2 

4 

2    9 

850 

3 

4 

4 

37.500 

2 

3( 

2    7i 
2    41 

44.050 

2 

4 

2    81 

900 

2 

4 

4 

39.200 

2 

31 

43.900 

2 

4 

2    5 

1    950 

2 

1    0 

4 

4 

41.200 

2 

H 

2    4 

45.900 

2 

4 

u 

1000 

^ 

1    0 

4 

4 

42,500 

2 

H 

2    81 

47.200 

2 

4 

Cost  of  plant  ooren  nonnal  fonndataons  and  erection. 

per  man,  power  costs  at  |d.  per  unit,  and  ample  allowance  for 
power  has  been  included.  As  a  rule  it  is  considered  sufficient 
to  allow  for  power  at  the  rate  of  20  kw.  hours  per  ton  of  coal 
ground,  deliveifed,  an4  bumedi  but  in  order  to  make  sure  that  all 
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contingencies  and  power  requirements  for  different  systems  are 
covered  as  far  as  possible  80  kw.  hours  have  been  allowed  per 
ton  of  coal.  Bepairs  and  maintenance  costs  have  been  based 
upon  American  figures,  i.e,  5  cents  per  ton  in  the  mill  and  5  cents 


Table  V. — CapUal  Outlay  and  Operating  Coats  ofSnudl  Sdf-contained 
Units.—''  Aero  "  Pulveriser  PlanL 


Daily 

Out- 

Lftbonr 

Re. 

In. 

La-      Na 
hour     and 

TTrtniv  T^.iMM 

Out- 

put 

Cost 

Power 

Dryer 

pairs 

librest 

Depre- 

Total 

Cost  of 

put  in 

TOQB. 

B^. 

,!^ 

Cost. 

PueLi 

ri 

6  per 
Cent. 

dation. 

Cost. 

C 

tionof 
Shifts. 

PUnt." 

TODfl. 

s.    d. 

«.    d. 

d. 

d. 

s,    d. 

t.    d. 

Hours. 

£ 

5 

i 

2    7 

2  10| 

«.. 

1 

» 

I    4 

7    8i 

10 

2^ 

1000 

10 

I 

u 

2    0 

... 

1 

6 

10 

6    3 

14 

2-7 

1260 

16 

I 

2    0 

«.. 

1 

i 

8 

53 

16 

2-8 

1600 

20 

8 

r 

I    7 

... 

i\ 

4} 

8 

10 

2-6 

2000 

per  ton  on  conveyor  and  burner  apparatus.  Interest  and  de- 
preciation has  been  taken  at  16  per  cent,  on  capital  charges. 
The  total  costs  for  the  various  daily  capacities  can  therefore  be 
taken  as  representing  reliable  if  not  outside  figures. 

Screw  conveyors  to  deliver  the  coal  800  feet  from  the  mill 
house  have  been  allowed  for  in  the  cost  of  plant. 

All  the  above  tabulated  figures  are  incorporated  in  the  curves 
shown  in  Fig.  1.  The  initial  and  rapid  rise  in  cost  of  "  bare 
output "  and  **  stand-by  "  installations  for  complete  mill-house 
equipments  will  be  noticed,  and  even  more  marked  than  these 
features  are  the  excessive  costs  for  operation  on  the  small  com- 
plete plants.  The  inset  curve  on  Fig.  1  shows  the  more  reason- 
able figures  for  the  self-contained  pulverisers. 

From  these  curves  a  ready  estimate  can  be  made  as  to  when 
it  will  pay  to  use  pulverised  fuel>  but  in  doing  so  the  very  many 
important  advantages  and  economies  introduced  by  the  use  of 
powdered  coal  must  not  be  overlooked.  There  is,  unfortunately, 
no  possibility  of  showing  on  these  curves  such  advantages  as 
reduction  in  labour,  increased  output  of  furnaces,  reduced  metal 
loss,  better  work  and  better  working  conditions,  &c.  &c.,  all  of 

I  No  dryer  used  as  a  rule  with  this  typ^  of  plant. 

*  Bare  oost  of  pulveriser  and  motor  omjk  ^ 
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which  collectively  will  place  the   whole  question  of  mill-house 
coats  in  a  veiy  different  light. 

The  curves  shown  in  Kg.  2  represents  the  overall  cost  for  the 
quantity  of  pulverised  coal  required  for  performing  the  same 
work  as  1  ton  of  the  same  coal  hand-fired.  Six  curves  are  given 
for  raw  coal  at  10s.,  20s.,  80s.,  40s.,  50s.,  and  60s.  per  ton 
respectively,  and  intermediate  values  between  two  coal  price 


E<*.9.000 


SM  4«0  J^O  «tO  960 


Fko.  l.-~OaiTet 


Bhowing  rolation  between  oost  of  Mill-Hoose  PlanU  for  various  capaoitiea 
per  twenty-four  hours  and  overall  operating  costs. 


curves  can  be  obtained  with  sufficient  accuracy  for  making 
any  preliminary  estimate  for  equivalent  costs  of  coal  in  powdered 
form. 

In  order  to  arrive  at  the  points  for  constructing  the 
curves,  the  value  of  a  one-third  reduction  in  coal  used,  when 
pulverised  coal  is  applied,  has  been  deducted  from  the  cost  of 
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raw  coal.  To  this  result  tho  overall  operation  cost  for  the 
size  of  plant  in  questioB  taken  from  Table  IV*  has  been  added 
in  each  case. 

For  instance,  with  coal  at  80s.  per  ton  the  value  of  a  one-third 
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at  Tftiioas  prioee. 

redaction  in  fuel  consumption  will  be  lOs.,  but  the  overall  cost 
of  operation  for  a  powdered  coal  plant  having  a  capacity  of 
200  tons  per  day  (see  Table  IV.)  is  8s.  T^d.,  so  that  the  net  value 
of  powdered  coal  for  the  purpose  of  plotting  the  curve  for  a  80s. 
coal  will  be  28s.  7^.  as  against  80s.  for  hand-firing. 
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Graph  Fig.  8  indicates  the  relative  values  of  fuels  in  B.t.u. 
obtainable  for  (me  penny,  the  fuels  considered  being  powdered 
coal,  producer-gas,  fuel  oil,  and  town  gas. 

In  order  to  arrive  at  a  basis  which  is  as  fair  as  possible  for 
comparison  with  other  fuels,  the  operating  cost  for  running  a 
powdered-coal  plant  and  the  overall  expense  connected  with 
conveying  and  burning  the  fuel  at  the  furnace  have  been  added 
to  the  cost  of  the  raw  coal. 

In  the  present  case  this  operating  cost  has  been  taken  at  4s. 
per  ton  of  coal  pulverised,  a  reasonable  figure  for  a  plant  capacity 
of  200  tons  per  twenty-four  hours. 

For  the  same  reason,  4s.  per  ton  has  been  added  to  the  cost 
of  coal  gasified  in  producers  of  equal  total  capacity  to  the 
powdered  coal  plant  so  as  to  allow  for  operating  costs,  interest 
and  depreciation  on  the  producer  plant,  and  it  is  presupposed 
that  the  gas  will  be  burned  under  natural  air-draught 
conditions. 

For  powdered  coal,  fuel  oil,  and  town  gas,  thermal  efficiencies 
of  100  per  cent,  have  been  accepted.  Cost  of  power  at  f  d.  per 
unit  for  air  blowers  for  oil  and  town  gas  has  been  added  to  the 
purchase  prices  of  these  fuels. 

The  calorific  value  of  the  raw  coal  has  been  assumed  at  14,000 
B.t.u.  per  lb.,  that  of  oil  at  19,000  B.t.u.,  and  town  gas  550  B.t.u. 
not  per  cubic  foot. 

The  Advantaoe  of  Using  Coal  in  Powdered  Form. 

Mr.  Joseph  Harrington  ^  writes  :  **  In  the  producer  there  is 
a  succession  of  losses  which  reduce  the  available  heat  in  the  gas 
to  a  considerable  extent,  and  in  the  mechanical  stoker  there  are 
unavoidable  losses  due  to  various  forms  of  incomplete"combustion. 
Only  in  the  case  of  powdered  coal  is  the  actual  solid  fuel  both 
gasified  and  completely  consumed  directly  within  the  chc^mber 
to  be  heated.  With  perfect  pulverisation  the  entire  mass  is 
burned  in  suspension,  and  in  actual  practice  but  a  small  fraction 
of  1  per  cent,  is  actually  lost  in  the  flue  dust  or  slag  pan. 

"  On  account  of  the  fuel  being  conveyed  into  the  furnace  by 

^  Ameriean  Sooiety  of  Mechanical  Knginetra,  October  1016. 


Digitized  by 


Googk 


REFERENCE  TO  ITS  APPLICATION   IN   METALLURGY.  68 

the  very  air  -which  is  afterwards  to  be  used  in  its  combustion^ 
and  on  account  of  the  diffusing  of  the  coal  throughout  the  air 
in  a  doudUke  formation,  there  is  a  possibiUtj  of  a  mixture  which 
can  be  secured  by  no  other  means.  Each  particle  of  coal  is 
surrounded  by  a  particle  of  air,  and  on  account  of  the  ex- 
treme fineness  of  the  particles  practically  instantaneous  oxidisa- 
tion occurs.  The  result  is  efficient  combustion,  and  we  have 
to  deal  only  with  the  effects  of  the  high  temperature  thereby 
obtained." 

It  has  already  been  pointed  out  that  higher  temperatures 
than  are  possible  with  any  other  fuel  can  be  maintained  in  powdered 
coal-fired  melting  furnaces,  because  the  quantity  of  excess  air  ia 
but  20  per  cent.,  whereas  with  stoker  and  hand-firing  the  excess 
of  air  may  range  from  50  per  cent,  to  200  per  cent.,  and  even 
800  per  cent. 

It  will  be  readily  seen  that  with  powdered-coal  firing  the  gases 
due  to  combustion  of  the  fuel  will  be  appreciably  less  than  with 
the  usual  methods,  and  consequently  the  gases  will  remain  in 
the  furnaces  for  a  longer  period.  The  heat  transference  with 
pulverised-fuel  firing  must,  therefore,  be  much  more  complete 
than  is  the  case  with  larger  volumes  of  relatively  cool  gases  which 
result  from  hand-firing  or  even  stoker-firing. 

Values  for  heat  losses  due  to  excess  air  supply  can  be  ascer- 
tained from  Kg.  4.  Moisture  in  fuel,  imperfect  combustion, 
carbon  in  clinker  and  ash  are  also  causes  of  considerable  losses 
which  are  entirely  removed  by  the  use  of  powdered  coal. 

Heat  Loss  due  to  Moisture  in  Fuel. 

Under  certain  conditions  it  would  probably  pay  to  dry  out 
the  moisture  contained  in  coal  before  using  the  fuel  in  the  ordinary 
way  on  hand-fired  grates  or  mechanical  stokers,  for,  in  order  to 
evaporate  and  drive  off  1  lb.  of  the  moisture  when  the  fuel  is 
in  the  firing  chamber,  approximately  1250  B.t.u.  are  wasted  in 
accomplishing  this  and  superheating  the  resultant  steam.  This 
is  one  of  the  reasons  why  dry  pulverised  fuel  burned  in  a  furnace 
combustion  chamber  gives  such  a  high  heat  efficiency. 

Lignite  generally  contains  from  20  per  cent,  to  80  per  cent. 
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of  moisture  in  the  raw  state,  and  a  certain  fuel,  having  a  B.t.n. 
value  of  12,878  per  lb.  of  dry  combustible  or  10,676  B.t.u.  per  lb., 
based  on  the  analysis  of  the  hgnite,  had  only  a  heat  value  of 
8854  B.t.u.  undried.  This  fuel,  dried  to  7  per  cent,  moisture, 
gave  a  water  evaporation  of  8*86  lb.  per  lb.  combustible,  and  with 
1  per  cent,  moisture  10-90  lb.  water  evaporation.  When  fired 
undried  on  stokers  the  water  evaporation  was  but  4  lb. 

For  every  1  per  cent,  of  moisture  in  coal  it  can  be  taken  that 
the  heat  value  per  lb.  of  fuel  will  be  reduced  by  12*5  B.t.u.,  so 
that  powdered  coal  which  should  be  dried  to  this  degree  will 
show  but  a  loss  of  12*5  B.t.u.,  whereas  a  similar  coal  containing 
10  per  cent,  moisture  would  show  a  loss  of  125  B.t.u.  per  lb.  of 
fuel. 

Heat  Loss  due  to  Imperfect  Combustion. 

How  often  does  one  see  flame  issuing  from  the  top  of  a  stack 
in  the  iron  districts,  and  what  a  loss  of  heat  this  means !  Such 
conditions  are  presumably  brought  about  by  the  generation  of 
GO  at  the  fire-grate,  which  partially  bums  in  contact  with  oxygen 
drawn  in  at  furnace  cracks  and  completes  its  combustion  on 
emergence  from  the  stack. 

With  powdered  coal  such  uneven  firing  conditions  can  be 
readily  prevented  over  a  very  wide  range  of  fuel  consumption, 
for  complete  combustion  under  all  conditions  can  be  made  to 
take  place  within  the  actual  furnace  chamber. 

Loss  of  Coal  in  Ash  and  Clinker. 

A  series  of  tests  were  carried  out  in  America  to  ascertain  the 
value  of  the  carbon  lost  in  ash  and  clinker  withdrawn  from  boiler 
pits.    The  following  results  are  given  by  Mr.  W.  6.  Wilcox  :^ 

Fdr  Oent.  Per  Cent. 

OrerfeedBtoken  ....  25  imbnmad  carbon  in  the  ash  —  4*6  aotoal  ooal  loet. 
Chain  erate  stokers          ...    36         „  „  ,,  *  6-1  „ 

Hand-firing 36  upwards         „  „         -m  6-6  *  and  upwards. 

In  powdered-coal  firing  less  than  one-half  of  1  per  cent,  carbon 
will  be  found  in  ash  and  clinker  when  conditions  are  properly 
adjusted. 

1  Ammcan  Ohmiad  Society,  May  31»  1918. 

*  Slight  diffsrenoe  evidently  doe  to  analysis  of  ooals  osod. 
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Curves  op  Combustion  Efficibnoibs,  &o. 

In  Fig.  4  a  series  of  curves  applicable  to  the  working  of  solid 
fuel  furnaces  are  given.  From  these  it  will  be  seen  at  a  glance 
how  rapidly  the  overall  thermal  efficiendy  of  furnaces  heated  by 
means  of  solid  fuel  decreases  with  the  increase  of  excess  air,  which 
may  be  due  to  incorrect  design  or  careless  operation. 

Take,  for  instance,  the  curve  showing  the  relation  between  the 
percentage  of  CO2  in  the  waste  gases  from  a  furnace  and  the 
corresponding  preventable  fuel  loss. 

In  this  case  it  is  assumed  that  when  the  CO^  content 
has  dropped  to  1  -5  per  cent,  the  amount  of  excess  air  is  so  great 
that  all  the  heat  liberated  from  the  fuel  is  utilised  in  heating  this 
excess  air  to  a  sufficient  temperature  to  maintain  an  efficient 
chimney  draught.  The  curve  shows  that  with  the  usual  COj 
content  of  5-6  per  cent.,  as  in  hand-firing  practice,  the  preventable 
loss  is  as  high  as  25  per  cent,  of  the  total  fuel  burned,  and  as  the 
COji  content  drops  below  this  figure  th^  preventable  loss  increases 
very  rapidly.  On  the  otlier  hand,  with  a  CO3  content  of  14-16 
per  cent.,  representing  average  practice  for  powdered-coal  firing, 
the  preventable  loss  becomes  almost  negligible. 

From  the  temperature  curve  it  will  be  seen  that  a  waste  gas 
temperature  of  500°  C.  corresponds  with  an  excess  air  value  of 
430  per  cent.,  and  it  has  been  assumed  that  conditions  under 
which  there  is  an  excess  of  air  equal  to  500  per  cent,  will  be  the 
limit  at  which  preventable  loss  will  occur,  a  sufficient  chimney 
draught  being  assured  at  the  same  time. 

It  will  be  noticed  that  the  CO3  content  may  be  dropped  from 
the  theoretical  maximum  of  20-7  per  cent,  to  about  11  per  cent, 
with  a  corresponding  loss  of  efficiency  of  only  about  5  per  cent. 
After  this,  however,  as  the  CO3  content  is  lowered  the  loss  of 
efficiency  increases  rapidly.  A  CO^  content  of  14r-16  per  cent, 
can  be  considered  exceptionally  good  practice,  seldom  regularly 
obtained  with  solid. fuel  and  hand-firing. 

Consider  next  the  curve  showing  the  relation  between  CO3 
content  of  the  waste  gases  and  excess  air  supplied  to  the  furnaces 
over  and  above  the  quantity  theoretically  necessary  to  bum 
the  fuel. 
1919— i.  » 
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Owing  to  its  lump  formation  and  to  the  usual  methods  of 
burning  solid  fuel  the  complete  oxidation  of  the  carbon  cannot 
take  place  at  a  suflBciently  high  rate  under  ordinary  conditions 
of  firing  imless  some  excess  air  is  supplied.  This  excess, 
however,  is  usually  much  higher  than  is  really  necessary,  and 
inspection  of  the   curVe  connecting   COj   with    excess   of    air 


%MktVtllTf!ku  10S9     '^ 


Fio.  4. — Curves  showing  maximum  theoretical  tempera turee  obtainable  with  varying  quanti- 
ties of  excess  air,  when  burning  pure  carbon  and  bituminous  coal,  also  showing  proven* 
table  losses  due  to  excess  of  air  supply. 

shows  how  rapidly  the  COj  content  drops  with  increase  in  the 
supply  of  air. 

The  other  two  curves  shown  indicate  the  relation  between 
the  theoretical  maximum  temperature  of  the  products  of  com- 
bustion when  burning  pure  carbon  and  that  when  burning  a  repre- 
sentative sample  of  bituminous  coal  when  supplied  with  no 
excess  air,  and  also  for  varying  proportions  of  excess  air. 

From  these  curves  it  will  be  seen  that  with  even  25  ^qi  cent. 
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excess  air  the  temperature  of  combustion  falls  300°  C,  whilst 
with  the  general  average  of  300  per  cent,  excess  air  the  tem- 
perature is  less  than  one-third  of  the  possible  maximum  when 
no  excess  air  is  present.  Thus  with  coal  in  powdered  form  the 
oxidation  of  the  small  particles  is  instantaneous,  preventable 
loss  is  very  small,  and  very  nearly  maximum  flame  temperatures 
are  obtainable. 

The  extreme  importance  of  the  effect  of  excess  air  on  re- 
sultant combustion  of  fuels  has  not  been  sufficiently  realised, 
and  emphasis  on  this  fact  cannot  be  too  strongly  made. 

General  Considerations  relating  to  Successful 
Application  of  Pulverised  Fuel. 

In  the  application  of  powdered-coal  firing,  the  five  chief 
points  to  be  constantly  kept  in  mind  are :  (1)  Elimination  of 
the  explosion  danger ;  (2)  efficient  drying  of  the  raw  coal ; 
(3)  fine  pulverisation  ;  (4)  avoidance  of  complicated  equipment : 
(5)  reliability  of  fuel  supply. 


(1)  Elimination  oj  the  Eocphsion  Danger. 

It  is  evident  from  reports  received  by  the  author  that  several 
accidents  occurred  in  the  early  development  of  systems  depend- 
ing upon  the  transportation  of  coal  dust  in  suspension  in  a  current 
of  air. 

Mr.  8.  H.  Harrison  ^  mentions  the  occurrence,  several  years 
ago,  of  a  disastrous  explosion. at  a  large  pulverised  coal  plant 
due  to  blowing  the  fuel  through  large  ducts  by  means  of  fans. 
"  This  method  of  transportation  should  be  condemned  ;  a  spark 
from  a  motor  or  from  defective  wiring  may  ignite  this  highly 
inflammable  mixture."  In  present-day  systems  of  this  description 
the  mixture  of  coal  dust  and  air  as  supplied  through  the  conveying 
pipes  is  not  of  an  explosive  nature,  so  long  as  the  correct  working 
conditions  are  maintained,  and  this  is  the  only  feasible  manner 
of  supplying  powdered  coal  to  numbers  of  very  small  furnaces, 

1  Engineering  Magaxint,  February  1916. 
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.  but  the  disadvantages  of  sach  systems  appear  to  oatweigh 
the  advantages  when  fuel  is  to  be  burned  in  considerable 
quantity. 

It  appears  to  the  writer  to  be  far  preferable  to  distribute  the 
powdered  coal  into  bins  at  the  boilers  or  furnaces,  thereby  pre- 
venting storage  in  bulk  at  any  one  point. 

(2)  Coal  Dryers. 

It  is  quite  essential  that  all  coals  be  thoroughly  dried,  and 
for  this  purpose  efficient  apparatus  should  be  installed.  The 
coal  at  the  termination  of  this  process  should  leave  at  a  tempera- 
ture not  higher  than  250°  F.,  and  with  a  moisture  content  under 
1  per  cent,  otherwise  overheating  is  hkely  to  take  place  in  the 
dry  coal  storage  bin,  or  if  used  at  once,  overheating,  and  possibly 
firing,  will  be  experienced  in  the  pulverisers. 

That  coal  dust  should  be  as  dry  as  possible  is  necessary  for 
the  satisfactory  transportation  of  the  fuel  by  any  of  the  usual 
means :  screw  conveyors,  air  pressure,  or  in  a  current  of  air. 
This  is  a  point  worth  special  consideration  in  this  country,  where 
the  atmosphere  may  contain  considerable  moisture,  for  pulverised 
coal  will  readily  reabsorb  water  from  the  air  and  become  sticky 
and  difficult  to  handle. 

When  moist,  coal  dust  wUl  naturally  coagulate  and  the  ad- 
vantages of  initial  fine  pulverisation  will  be  entirely  lost,  the  fuel 
passing  into  the  furnace  in  small  lumps  instead  of  in  intimate 
mixture  with  the  air  supply. 

It  has  been  stated  that  dust-settling  chambers  in  connection 
with  coal  dryers  should  be  avoided,  for  there  is  a  danger  of  the 
accumulated  coal  dust  overheating  and  firing,  which  may  well 
cause  an  explosion  of  the  mixed  gases  and  coal  dust  in  the 
chamber,  especially  when  cracks  develop  in  the  brick  walls  of 
the  chambers,  thus  allowing  the  infiltration  of  air. 

It  is  therefore  considered  preferable  to  exhaust  the  dust- 
laden  gases  from  the  dryer  by  means  of  a  fan  and  to  remove  the 
fine  dust  in  a  cyclone  separator. 

The  danger  of  explosion  in  dust-settling  chambers  is  perhaps 
a  very  remote  one,  for  the  Cummer  dryers  are  as  a  rule  fitted 
with  settling  chambers,  and  the  author  has  inspected  Cummer 
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dryers  which  have  been  running  for  years  vithout  any  such 
mishap. 

With  further  regard  to  this  question  of  thoroughly  drying 
coal  for  pulverisation,  and  in  reference  to  the  power  required 
for  the  •drying  process,  Mr.  0.  J.  Gadd^  makes  the  following 
statement :  "If  the  moisture  is  allowed  to  exceed  three-fourths 
of  1  per  cent.,  operating  troubles  will  result,  and  these  become 
intensified  the  higher  the  percentage  of  moisture. 

"  It  is  .easier  to  dry  coal  to  one-half  per  cent,  moisture  or  less 
than  it  is  to  maintain  it  in  this  state.  This  is  explained  by  the 
fact  that  the  moisture  driven  off  from  the  coal  in  the  process  of 
drying  saturates  the  hot  air  contained  in  the  dryer  cylinder. 
In  this  highly  saturated  condition  the  air  follows  the  dried  coal 
through  the  dust-proof  conveying  system  to  the  enclosed  storage 
bin.  As  the  coal  and  air  cool,  moisture  is  precipitated  and  the 
volume  of  the  air  diminished,  with  the  result  that  more  warm 
saturated  air  is  drawn  from  the  dryer.  These  conditions, 
obviously,  meet  the  requirements  of  a  "  still "  of  fair  pro- 
portion. 

**  The  precipitation  of  moisture  resulting  from  the  cooling 
process  of  the  coal  and  air  may  be  almost  entirely  overcome  by 
placing  ventilating  shafts  on  the  storage  bin  and  the  high  points 
of  the  conveying  system  connected  with  the  outside  air.  Each 
shaft  should  be  equipped  with  a  ventilator  of  approved  type, 
and  proper  provision  should  be  made  to  collect  and  deflect 
any  condensation  in  the  ventilating  shafts,  so  as  to  prevent 
its  return. 

"  It  is  thus  evident  that  in  the  process  of  drying,  through 
the  medium  of  heat,  a  small  quantity  of  the  expelled  moisture 
will  find  its  way  back  into  the  coal  after  cooling.  For  this  reason 
it  is  good  practice  to  gauge  the  dryer  so  that  the  resultant  product 
leaving  the  dryer  will  contain  less  than  one-half  of  1  per  cent, 
moisture." 

Table  VI.,  prepared  by  Mr.  Eaymond,^  is  useful  in  showing 
the  approximate  consumption  of  coal  for  reducing  the  moisture 
content  of  coals. 

The  Fuller  and  Bonnot  dryers  are  referred  to  later  in  the 

*  Journal  of  ike  FranJdin  ItulUnie,  September  1916. 

>  Proceedings  of  the  Engmeera^  Society  of  Western  Pennaylvonia,  October  1913. 
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description  of  plant  used  \vith  these  systems.  The  Cummer 
dryer  is  another  type  which  gives  excellent  restdts  in  practice. 

The  following  is  a  description  of  this  drying  process. 

Three-quarters  of  the  heated  air  and  gases  enter  the  cylinder 
by  way  of  the  lOJ-inch  diameter  heat  inlet  openings,  as  indicated 
by  the  arrows.  The  balance  enters  the  rear  end.  Through 
the  hooded  heat  inlet  openings  at  the  front  end  of  the  cylinder 
the  heated  air  and  gases  at  highest  temperatures  come  in  direct 


Table  VI. — Fud  Required  to  Dry  Coal, 


Per- 
oentage 
of  Mois- 
ture in 

Coal, 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


Coal  oonsttmed  per  Hour  in  Pounds  in  Operating  Dryer> 
160  230  360  540  716 


19-6 

16-3 

12-7 

10-7 

9-3 

81 

7-2 

6-6 

6-9 

6-4 

6-0 

4-6 

4-2 

3-9 

3-7 


Capacity  of  Dryer  in  Tons  per  Hour. 


281 

261 

18-2 

15-6 

13-3 

11-7 

10-4 

■    9-4 

8-6 

7-8 

7-1 

6-6 

61 

6-7 

6-3 


43-2 
33-6 
27-6 
23-6 
20-3 
17-7 
15-7 
14-3 
12-8 
11-8 
10-8 
100 
9-3 
8-6 
80 


66-8 
61-8 
42-4 
36-4 
31-3 


88-9 
68-9 
66-4 
48-4 
41-6 


900 


1130 
86-3 
70-6 
60-6 
62-2 


27-4 

36-4 

45-7        ; 

241 

321 

40-2         ' 

220 

29-3 

36-7         1 

19-8 

26-4 

330         1 

18-4 

24-4 

30-4         1 

16-7 

22-2 

27-8         ' 

15-3 

20-2 

26-2 

14-4 

18-9 

24-0 

13-3 

17-7 

21-9 

12-3 

1 

16-3 

20-2 

contact  with  the  wet,  cold  material  as  it  enters.  By  the  ad- 
mission of  cold  air  through  the  sliding  doors  in  the  dryer  setting, 
the  temperature  of  the  heated  air  and  gases  is  reduced  towards 
the  rear  end  to  suit  the  material  as  it  becomes  drier  and  sus- 
ceptible to  injury  from  high  temperatures.  The  lowest  tempera- 
tures and  the  least  circulation  are  found  at  the  rear  end  of  the 
cylinder,  where  the  material  is  most  dry  and  dusty.  The  idea 
is — ^high  temperatures  where  the  material  is  wet  and  cannot  be 
injured,  moderate  temperatures  where  the  material  is  partly 
dried,  and  low  temperatures  at  the  rear  or  discharge  end  of  the 
dryer,  where  the  material  is  practically  dry. 

1  Coal  to  have  14.000  B.t.u.  per  lb. 
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The  dryers  seen  by  the  author  were  fitted  with  mechanical 
stokers,  but  they  can  be  hand-fired  or  arranged  for  use  with 
powdered  fuel.  As  a  rule,  when  drjring  coal  the  dryer  is  provided 
with  a  dust-settUng  chamber  and  the  exhaust  fan  is  placed  on 
the  chimney  side  of  this  chamber  and  not  directly  on  to  the 
head  of  the  cylinder. 

The  Ruggles- Coles  dryer  has  been  extensively  used  in  America 
for  drying  coal.  A  "  phantom  '*  view  of  this  apparatus  is  shown 
in  Fig.  5. 


Fro.  6.— Ruggles-Ck>le8  Drjcr. 

In  this  case  the  hot  gases  from  the  combustion  chamber 
enter  the  central  tube  of  the  dryer  and  pass  through  to  the  end 
housing  without  coimng  in  contact  with  the  fuel  to  be  dried. 
The  gases  have  then  cooled  down  sufficiently  for  passing  over  the 
fuel  on  their  way  back  through  the  cylinder  to  the  exhausting 
head  seen  in  the  illustration. 


(3)  Fine  Grinding. 

For  boiler  firing  and  for  use  in  metallurgical  furnaces  fine 
grinding  is  essential,  otherwise  instantaneous  and  complete  com- 
bustion is  impossible,  the  result  being  loss  of  unbumed  carbon 
in  the  ash  and  slag  deposit  in  the  combustion  chamber  or  on  the 
boiler  tubes- 


Digitized  by 


Googk 


72        habvey:  use  of  pulverised  coal,  with  special 

In  one  instance  the  pulverising  plant  was  changed  so  as  to 
obtain  a  product,  96  per  cent,  of  which  would  pass  through  the 
100-mesh  screen ;  previously,  coal  dust  ground  to  a  fineness  of 
88  per  cent,  through  the  100-mesh  screen  was  used.  After  the 
change  had  been  effected  definite  tests  showed  an  increase  in 
furnace  eflSciency  of  12  per  cent.,  and  whereas  with  the  coarser 
fuel  ash  troubles  were  constant,  these  were  almost  entirely 
removed  when  the  finer  coal  dust  was  used. 


(4)  Simplicity  of  Equipment. 

In  this  connection  it  will  be  interesting  to  make  reference  to 
the  trend  of  opinion  in  Germany,  where  the  use  of  fuels  in 
pulverised  form  has  undoubtedly  been  developed  to  a  considerable 
extent  during  recent  years  upon  lines  of  simplicity  of  machinery 
and  handling  plant.  The  following  is  a  review  of  German 
practice :  ^ 

"  In  German  plants  particular  attention  is  directed  to 
simpUcity  of  construction  of  the  grinder,  in  which  respect  the 
German  construction  differs  materially  from  American,  and  even 
though  some  typical  American  crushers — e.g.  the  Puller-Lehigh — 
have  been  adopted  in  some  German  plants,  as  a  rule  they  have 
not  found  ready  application  in  that  country,  and  for  the  same 
reason  the  high-speed  machinery  of  this  type  built  in  Germany 
itself  has  not  been  much  used. 

**  Where  the  plants  using  powdered  coal  have  eflScient  repair 
shops  and  skilled  mechanics  available,  oscillating  crushers  and 
similar  apparatus  can  be  used  without  much  diflSiculty  and  with 
certain  advantages  ;  otherwise,  however,  the  saving  effected  by 
their  use  will  be  more  than  eaten  up  by  interruptions  in  the 
operation  of  the  plant. 

**  In  the  modem  German  plant  nearly  everywhere  one  finds 
slow-running  grinders  with  a  large  area  of  crushing,  mainly  of 
the  ball  and  tube  mill  type.  The  larger  amount  of  power  con- 
sumption as  compared  with  high-speed  machinery  does  not 
particularly  matter  here.  Ball  and  tube  mills  are  as  a  rule  located 
one  over  the  other,  so  that  the  grist  produced  by  the  ball  mill 
can  go  directly  to  the  tube  mill  and  be  converted  into  fine  powder. 

1  Journal  of  tke  American  Society  of  Mecfianicai  Engineers,  November  1915. 
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"  In  order  to  improve  the  screening  action,  several  types  of 
ball  mills  have  been  placed  on  the  market ;  for  example,  the 
so-called  Cementor  mill  of  Polysius,  Dessau,  Germany.  Contrary 
to  the  usual  practice  in  ball  mills,  this  construction  has  unper- 
forated  crushing  plates,  these  plates  being  located  between  the 
walls  in  such  a  manner  as  to  form  stages  with  each  other.  With 
this  construction,  the  grist  is  forced  to  run  through  the  entire 
path  of  the  grinding,  passes  over  the  sieve,  and  is  then  partly 
returned  in  a  uniform  manner  into  the  grinding  drum. 

"  The  high  cost  of  foundations  which  such  an  arrangement 
involves,  and  the  effort  to  simpUfy  still  more  the  grinding,  led 
to  the  design  of  a  machine  which  could  carry  out  the  crushing 
and  fine  grinding  in  one  continuous  series  of  operations.  This 
resulted  in  the  design  of  a  combined  crusher  and  grinder,  forming 
one  cylinder,  a  design  particularly  adapted  for  use  in  steel  mills 
because  of  its  extraordinary  simpUcity.  This  type  of  machine, 
called  **  Solo  "  mill,  is  Ukewise  built  in  Germany  by  G.  Polysius, 
D^sau,  and  consists  of  a  seamlessly  welded  sheet  cylinder  running 
m  circular  bearings.  This  cyUnder  is  divided  by  a  wall  into  two 
chambers,  one  the  crushing  chamber  with  hard  steel  plates  and 
steel  balls,  and  the  other  the  fine  grinding  chamber  with  Silex 
lining  and  quartz  stones.  The  crushing  chamber  is  surrounded 
with  screens,  and  is  enclosed  in  a  sheet  steel  jacket,  and  can 
crash  pieces  as  large  as  a  man's  fist.  This  grist  then  falls  through 
slots  at  the  end  of  the  crushing  chamber  upon  screens  over  which 
it  travels,  just  as  in  the  Cementor,  to  the  admission  side  of  the 
grinding  mill.  What  remains  over  the  screen  is  carried  back 
into  the  crushing  chamber,  while  that  which  passes  through 
the  screen  is  delivered  to  the  grinding  chamber  and  handled 
there. 

"  As  compared  with  the  oscillating  and  Puller  mills,  this 
design  has  the  advantage  of  handling  pieces  to  the  size  of  a  man's 
fist ;  as  compared  with  mills  which  require  special  separators, 
as  in  the  Raymond  crusher,  there  is  the  advantage  that  the 
Solo  mill  uses  no  cyclones,  &c.  In  addition  to  that,  there  is  the 
very  important  consideration  that  this  type  of  mill  insures  to  a 
very  large  extent  against  the  occurrence  of  fires  and  explosions ; 
where  the  material  handled  has  to  be  transferred  from  one 
apparatus  to  another,  it  is  very  difficult  to  provide  against  its 
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escape  and  the  formation  of  inflammable  or  explosive  mixtures 
with  air.  In  this  case,  this  source  of  danger  is  eliminated  to  a 
large  extent,  and  the  author  states  that  explosions  have  never 
occurred  in  mills  of  the  Polysius  type.  The  objection  is  often 
made  to  crushers  operated  with  screens  on  account  of  their  rapid 
wear ;  in  the  Solo  mill  these  screens  consist  of  perforated  steel 
sheets  of  high  resistance,  in  addition  to  which  the  construction 
is  such  that  large  pieces  of  iron  that  cause  most  of  the  wear 
cannot  reach  the  screen." 

In  this  account  one  or  two  points  are  of  special  interest.  The 
preference  maintained  for  the  use  of  ball  and  tube  mills  as  against 
high-speed  mills  of  the  Fuller  or  Eaymond  types  has  not  been 
ratified  by  American  engineers. 

The  large  amount  of  power  required  for  the  ball  and  tube 
mill  outfit  combined  with  high  cost  of  foundations  are  serious 
objections,  and  in  practice  it  is  understood  that  the  cost  of 
maintenance  .for  the  so-called  high-speed  mills  (140  revs,  or  so 
per  minute)  has  not  been  greatly  in -excess  of  the  upkeep  cost  of 
ball  and  tube  mills  working  in  America.  The  Eaymond  mill 
certainly  requires  additional  power  for  extracting  the  fine  coal 
dust  by  air  suction  from  the  mill,  but,  as  regards  screen  damage, 
most  mills  of  this  type,  such  as  the  Fuller,  are  fitted  with  heavy 
grid-protecting  cylinders,  which  prevent  pieces  of  iron,  wliich 
have  not  been  removed  by  the  magnetic  separator,  from  piercing 
the  fine  screen. 

Accidents  of  this  nature  to  the  screens  of  Fuller  mills  have 
been  reported,  but  these  have  been  very  infrequent  when  efficient 
magnetic  separators  have  been  installed,  and  the  operation  of 
changing  a  screen  only  means  a  delay  of  half  an  hour  at  most. 
Any  damaged  screen  can  be  repaired  and  re-used,  and  the  actual 
wear  of  mill  screens  is  inconsiderable. 


(5)  BelicMlity  of  Fuel  Supply — Transportation  and  Storage 
oj  Coal  Dust. 

It  will  be  readily  acknowledged  that  it  is  not  very  wise  to 
rely  entirely  upon  powdered  coal  stored  in  bulk  at  any  one  point 
if  this  can  be  avoided.  If  the  fuel  supply  for  a  whole  works  or 
department  is  located  at  one  point,  any  accidental  breakdown 
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of  the  fuel  transport  machinery  will  cut  off  the  supplj'-  to  the  whole 
plant.  Apart  from  this  reason,  there  is  always  more  danger  of 
spontaneous  combustion  in  a  large  mass  of  coal  than  in  smaller 
quantities.  Consequently  it  is  best  to  convey  the  coal  as  it  is 
pulverised  to  bins  at  the  boilers  or  furnaces,  which  should  have 
sufficient  capacity  to  carry  over  any  short  period  of  breakdown 
of  mill  or  transport  geai^.  The  use  of  screw  conveyors  has  for 
these  reasons  many  adherents  in  America,  and  is  to  be  preferred 
in  cases  where  they  can  be  conveniently  applied.    Where  greater 


Fio  6. — The  Bonnot  Rotaiy  Dryer. 

risks  can  be  taken,  or  for  special  purposes,  one  or  other  of  the 
several  means  of  conveying  coal  other  than  by  screw  conveyors 
can  be  used  to  greater  advantage. 

SYSTEMS. 
"  HoLBECK  "  (Bonnot)  System. 

The  Bonnot  dryer  (Pig.  6)  consists  of  but  a  single  shell,  and 
the  hot  gases  from  the  furnace  pass  directly  over  the  fuel  to  be 
dried.  In  America  thirty  or  more  installations  are  now  in  success- 
ful operation.  At  most  of  these  plants  the  Bonnot  pulverising 
mills  and  dryers  are  in  use,  but  in  some  cases  other  standard 
types  have  been  adopted.  The  arrangement  may  necessitate 
a  tortuous  line  for  the  main  supply  pipe,  but  any  increase  in  the 
number  of  curves  or  bends  apparently  only  requires  additional 
pressure  on  the  air  supply  or  the  provision  of  booster  mixing  fans 
at  certain  points.  The  course  followed  by  the  coal  after  delivery 
at  the  track  hopper  and  up  to  the  pulverising  mills  is  the  same 
as  in  all  other  systems. 

In  the  Bonnot  pulverising  mill  (Fig.  7),  the  powdered  coal 
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is  delivered  into  the  cyclone  separator,  whence  it  passes  into 
the  storage  bin,  and  is  extracted  therefrom  in  quantities  con- 
trolled by  the  speed  of  the  feed  screw  and  mixed  with  air  through 
the  medium  of  a  high  velocity  fan  in  the  mill  house.  Approxi- 
mately, 40  to  50  per  cent,  of  the  air  required  for  combustion  is 


Fig.  7.— Bonnot  Pulverisei  and  Air  Separator. 

mixed  with  the  coal  dust  in  this  manner,  the  mixture  travelling 
through  the  supply  pipes  to  the  furnaces,  under  a  pressure  of 
some  10  ounces  per  square  inch,  and  at  a  rate  of  5000  feet  per 
minute  (roughly  one  mile  per  minute). 

Any  portion  of  this  air  and  coal  dust  mixture  not  used  in  the 
furnaces  is  returned  by  the  loop  system  to  the  cyclone  separator 
wherein  the  coal  dust  is  collected  and  the  air  with  which  it  was 
mixed  is  discharged  into  the  atmosphere.     The  extracted  coal 
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dost  is  returned  to  the  storage  bin  for  remixing  in  the  mill-house 
fan.  There  must  necessarily  be  times  "when  only  a  few  furnaces 
are  in  operation,  yet  the  full  supply  of  coal  dust  must  be 
maintained  as  for  maximum  requirements.  Power  wastage  at 
the  mill-house  mixing  fans  and  for  Booster  fans  must  be  con- 
siderable under  such  circumstances. 

In  order  to  ensure  that  the  proportion  of  coal  dust  and  air 
in  the  supply  pipe  is  constant,  a  special  automatic  regulator  is 
used.  The  action  of  this  regulator  is  dependent  upon  the  rate 
of  air  supply  to  the  fan.  As  the  demand  increases,  so  does  the 
air-control  cyUnder  valve  open,  and  by  means  of  a  self-adjusting 
control  device  the  speed  of  the  coal  dust  feed  screw  is  increased 
or  reduced,  and  a  greater  or  less  quantity  of  coal  dust  is  fed  into 
the  mixing  fan. 

In  the  author's  opinion  further  improvements  have  yet  to  be 
made  in  connection  with  this  automatic  control  apparatus.  The 
idea  is  very  well  conceived,  but  the  actual  apparatus  is  some- 
what too  complicated  or  too  delicate  to  stand  the  test  of  rough 
mill-house  use. 

Burners. — The  mixed  air  and  coal  dust  is  taken  to  the  burners 
from  the  supply  main  by  means  of  ordinary  branch  pipes  in  a 
similar  manner  to  the  supply  of  gas. 

Branch  control  shutters  or  valves  are  placed  close  up  against 
the  supply  main,  in  order  to  prevent  the  settlement  of  coal  dust 
in  the  down  pipes.  The  secondary  air  for  combustion  is  delivered 
through  a  main  air  trunk  to  the  burners  in  the  usual  manner. 

As  a  rtile,  the  Holbeck  burners  are  fitted  with  end  cover  plates, 
and  very  often  some  of  the  ash  slag  deposited  at  the  burner  out- 
let is  removed  by  raking  it  through  the  back  ends  of  the  burners. 
For  high-temperature  work  the  burners  are  water-cooled, 
which  would  appear  to  be  a  disadvantage,  as  it  involves  the; 
addition  of  a  complicated  network  of  water  pipes  and  a  wastage 
of  water. 

Why  water-cooling  should  be  adopted  with  this  system  is 
not  readily  explainable,  unless  it  is  that  on  account  of  the  more 
perfect  mixing  of  the  coal  dust  with  the  air  supply  before  the 
fuel  enters  the  furnace,  combustion  takes  place  closer  to  the 
burner  orifice  than  with  other  systems.  Coal  dust  and  air  are, 
however,  often  mixed  some  feet  away  from  the  orifice  of  the  burner 
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pipe  in  cases  where  water-cooling  is  not  employed,  and  it  would 
seem  that  the  mixing  of  the  coal  dust  and  air  would  be  almost 
the  same  in  these  instances  as  for  the  Holbeck  system. 

**  QuiGLBY  '*  System. 
Description  of  Mill-House  Plant. 

An  outlay  arrangement  for  a  Quigley  mill-house  plant  is 
shown  in  the  **  Eeport,"  so  that  it  will  only  be  of  interest  to 
reproduce  a  general  view. 

Fig.  8  represents  such  an  installation  in  elevation,  and  the 
course  of  the  coal  from  track  hopper  to  blowing  tank  can  be 
readily  traced.  The  coal  on  deUvery  is  put  through  the  pre- 
liminary crusher ;  it  is  elevated  to  the"  magnetic  separator,  over 
which  it  passes  to  the  crushed-coal  bin.  From  this  bin  the  coal 
is  fed  to  the  Euggles-Coles  dryer,  which  is  fitted  with  an  exhaust 
fan  for  removing  the  products  of  combustion,  water  vapour, 
and  fine  dust,  the  latter  being  deposited  in  the  cyclone  separator 
seen  above  the  dryer.  At  the  dryer  discharge  end  the  coal  is 
elevated  to  the  dry-coal  bin,  from  which  it  is  fed  by  gravity  into 
the  Baymond  pulveriser. 

The  freed  air  in  the  cyclone  separator  is  returned  to  the 
pulveriser.  The  positions  of  the  motors  for  driving  the  plant, 
and  that  of  the  air  compressor  for  coal-dust  transportation  to 
the  furnaces,  are  indicated. 

Air-Pressure  Transportation  of  Coal  DvsL 

Fig.  9  shows  the  powdered-coal  storage  bin,  the  blowing  tank, 
and  the  transport  pipe  line,  in  which  semi-automatic  switch  valves 
are  provided  for  diverting  the  coal  dust  into  the  supply  bins  at 
the  furnaces. 

The  quantity  of  coal  dust  sent  to  any  particular  furnace  bin 
is  read  off  on  the  scale  of  the  weighing  platform  on  which  the 
blowing  tank  is  situated. 

The  cycle  of  operations  is  detailed  on  p.  19  of  the  "  Beport." 

It  will  be  noticed  that  every  furnace  bin  is  fitted  with  a  cyclone 
coal  dust  delivery  separator.  The  air  used  in  the  propulsion  of 
the  fuel  from  the  blowing  tank  at  the  mill  house  escapes  through 
the  vent  pipe  attached  to  the  cyclone  separator. 
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That  this  system  has  distinct  advantages  in  connection  with 
the  delivery  of  coal  dust  through  ordinary  supply  pipes,  as  for 


Fio.  10.— Coii0t«nt  Speed  Feeder. 

gas  or  water,  is  unquestionable.  Coal  dust  can  be  readily 
conveyed  into  the  bunker  cylinders  of  a  ship  in  dock, 
or  special  colliers  can  be  used  for  coaling  ships  in  harbour  or 
at  sea. 

It  has  been  suggested  that  a  coaling  barge,  having  air-tight 
bunkers  for  powdered  coal,  would  be  most  suitable,  and  each 
bunker  would  be  provided  with  one  of  the  semi-automatic  switch 
cylinders  mentioned  above* 
1919— i.  0 
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CocU'Dust  Feeders. 

The  universal  practice  is  to  make  use  of  the  single  or  double 
flight  screw  feeder.  In  most  systems  the  worm  is  operated  by  a 
variable  speed  motor'  in  order  to  control  the  quantity  of  coal 
dust  fed  into  the  air-blast  at  the  burner.  For  the  purpose  of 
eliminating  the  variable  speed  motor,  the  Quigley  constant-speed 
feeder  shown  in  Pig.  10  has  been  used  with  success,  and  it  is  possible 
in  this  manner  to  run  a  number  of  feeders  from  line  shafting. 

The  "  FuLLEP. "  System. 

This  is  undoubtedly  the  pioneer  system  for  the  use  of  i)ow- 
dered  coal.  The  chief  feature  of  a  Fuller  installation  is  sim- 
plicity of  lay-out  from  the  raw  coal  track  hopper  to  the  furnaces. 
The  coal  and  coal  dust  in  the  mill  house  are  handled  by  means 
of  bucket  elevators  and  screw  conveyors,  and  the  latter  means 
of  transportation  is  generally  employed  to  carry  the  coal  dust  to 
the  points  at  which  fuel  supply  is  required.  The  standard  mills 
are  of  the  screen  separator  type,  the  pulverised  coal  being  de- 
livered into  the  boot  of  a  bucket  elevator  discharging  into  the 
screw  conveyor  transport  line. 

Fuller  mills  can  equally  well  be  made  with  air-separator  fans, 
but  as  a  rule  the  makers  prefer  to  supply  their  screen  mills 
rather  than  fit  the  mills  with  coal  dust  exhaust  fans  for  the 
following  reasons ;  these  can  be  taken  as  applying  to  air 
separator  mills  in  general. 

(a)  For  equal  output  of  coal  dust  25  per  cent,  to  50  per  cent, 
additional  power  is  necessary  for  air-separator  mills. 

(6)  Suction  fans  for  air  separation  must  be  run  at  high  velocity, 
1000-1250  revolutions  per  minute,  depending  on  fineness  required, 
quantity  of  coal  per  hour,  position  of  fans  in  relation  to  cyclone 
separators,  &c.  At  this  speed  fans  having  wheels  of  42  inches 
diameter  or  so  bear  a  tremendous  strain.  The  wearing  effect 
of  coal  dust  on  the  fan  blades  is  often  excessive,  and  renewals 
of  fan  blades  will  be  required  every  few  months. 

(c)  The  power  required  for  this  operation  to  remove  4  tons 
of  coal  dust  per  hour  is  some  85  horse-power,  whereas  a  bucket 
elevator  used  in  conjunction  with  a  screen  separator  mill  requires 
but  5  horse-power  for  the  same  duty. 

(d)  In  a  measure.  Fuller  screen  mills  are  provided  with  suction 
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slow-speed  fans  integral  with  the  grinding  elements.  The  action 
of  these  fan  blades  is  sufficient  to  collect  the  dost  from  the  grind- 
ing zone  and  to  force  it  through  the  screens.  The  power  to 
operate  these  fan  blades  is  but  1  per  cent,  of  the  power  taken 
by  the  mill,  whereas  for  air  separation  the  power  for  the  ex- 
hausting fan  may  be  35  or  40  per  cent,  of  the  mill  power. 

It   is  claimed   that  the   Fuller   mill  has  a  larger    grinding 


Fio.  11.— Fuller  Rotary  Coal  Diyer. 

surface  than  any  other  mill  of  its  kind,  due  to  the  circular 
movement  of  the  pushers  and  balls  which  operate  in  a  concave- 
shaped  grinding  ring.  The  effective  pulverising  surface  is,  there- 
fore, greater  than  in  mills  fitted  with  vertical  shafts  to  which 
rollers  are  attached,  in  which  case  effective  grinding  only  takes 
place  at  the  circumferential  points  of  contact  between  the 
rollers  and  the  bull  ring. 

The  Fuller  dryers  differ  from  the  Bonnet,  Ruggles-Coles,  and 
Cummer  dryers  in  that  the  heating  chamber  surrounds  a  con- 
siderable portion  of  the  drying  cylinder.  In  this  way  the  heating 
gases  come  in  contact  with  the  walls  of  the  cylinder  ;  they  then 
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pass  through  a  duct  to  the  end  of  the  dryer,  returning  through 
the  cyhnder  in  direct  contact  with  the  coal.  This  type  of  dryer  is 
shown  in  Fig.  !!• 

The  "  Fuller  "  equipment  for  locomotives  is  referred  to  in  the 
"  Report "  and  on  p.  109  of  this  paper. 

The  **  Bergman  "  System. 

Mr.  L.  H.  Bergman  advocates  the  bin  system  of  fuel  storage 
at  the  furnaces  or  boilers,  and  he  uses  standard  mill-house  equip* 
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Fio.  12.— Powdered  Coal  System  for  Brick  Kilos. 

ment  such  as  Euggles-Coles  dryers,  Raymond  Mills,  but  for  certain 
special  cases  an  air  and  coal  dust  mixture  system  is  supplied. 

A  diagram  of  this  system  is  shown  in  Fig.  12.  It  differs  from 
the  **  Holbeck  "  in  that  the  surplus  mixture  not  used  in  furnaces 
is  returned  to  a  cyclone  separator,  but  the  coal  dust  extracted 
therein,  instead  of  being  returned  to  the   main  fuel   bin,  is 
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returned  to  the  coal  feed-screw,  the  freed  air  and  fine  dust  which 
may  be  stiD  in  suspension  is  withdrawn  direct  to  the  mixing 
fan  inlet  instead  of  being  exhausted  into  the  atmosphere. 

This  equipment  forms  a  self-contained  plant  suitable  for  a 
small  furnace  shop.  Such  an  arrangement  can  often  be  used  to 
advantage  in  conjunction  with  the  usual  bin  system  for  other 
parts  of  the  works,  and  forms  a  supplementary  system  for  use 
under  special  circumstances.  The  powdered  coal  is  delivered  to 
the  fuel  bunker  by  screw  conveyor  and  the  mixing  operation 
effected  through  the  medium  of  the  rotary  fan. 

The  author  is  indebted  to  Mr.  Bergman  for  many  of  the 
comparative  results  between  powdered-coal  fired  furnaces  and 
those  heated  by  other  means  which  are  mentioned  in  this  paper 
and  the  "  Report." 

"  Covert  "  System. 

Mr.  Covert  has  aimed  at  supplying  specially  designed 
apparatus  to  suit  each  individual  application,  and  to  this  end 
the  continuous  coal  dust  and  air  mixture  system  shown  in  Pig.  18 
has  been  devised. 

This  is  again  unlike  the  pioneer  **  Holbeck  "  system  in  that 
the  return  of  surplus  mixture  is  taken  direct  to  the  mixing  fan 
inlet,  there  being,  therefore,  Uttle  waste  power  in  dealing  with 
this  surplus  fuel  and  air.  Any  deficiency  is  drawn  from  the 
mixing  chamber  at  the  top  of  the  main  fuel  tank.  Coal  dust  is 
injected  into  this  mixing  chamber  by  means  of  a  small  quantity 
of  compressed  air,  and  the  actual  supply  of  coal  dust  and  air 
withdrawn  is  regulated  by  the  diaphragm  control  shown  at  the 
top  of  the  make-up  pipe. 

The  special  screw  feeder  supplied  in  connection  with  the 
"Covert"  system  is  shown  in  Kg.  14.  This  arrangement  of 
interconnected  cross-feed  screws  ensures  a  regular  feed  and  to 
a  great  extent  prevents  flushing. 

Coal  dust  is  conveyed  by  screw  conveyor  or  by  means  of  com- 
pressed air,  and  at  one  plant  visited  coal  dust  was  transported 
by  the  latter  method  a  distance  of  1500  feet  through  1782  feet 
of  ft-inch  pipe  (allowing  for  bends  and  detours). 

One  or  two  of  the  more  important  points  claimed  for  this 
continuous  air  and  coal  dust  distributing  system  are  : 
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(a)  That  the  coal  dust  is  not  separated  out  after  having  once 
been  mixed  with  air,  and  is,  therefore,  not  subjected  to  an  oxidising 
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process  more  than  once.  This  practically  removes  the  diflSculty 
experienced  with  other  air  and  coal  dust  mixture  systems  as 
applied  to  low-temperature  furnaces  in  which  it  is  sometimes 
impossible  to  bum  partially  oxidised  coal  dust. 

{b)  In  other  systems  the  larger  particles  of  coal  dust,  due 
to  their  momentum  and  inertia,  pass  the  branch  openings  to 
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furnaces  and  are  returned  to  the  main  fuel  bin ;  in  consequence 
a  collection  or  strata  of  coarse  coal  is  often  present  in  bins  con- 
nected with  such  systems.  In  the  C!overt  system  all  coal  once 
taken  from  the  bin  is  in  constant  circulation  until  burned,  any 
coarse  particles  being  ultimately  spUt  up  in  the  mixing  fan. 


Fio.  14 .^««  Covert"  Screw  Fcedcre. 

(c)  The  mixture  is  suppUed  at  constant  velocity,  and  is,  there- 
fore, at  constant  richness,  no  matter  how  many  furnaces  may 
be  working  at  one  time. 

The  "  Aero  "  System. 

The  x\ero  mill  is  a  small  compact  pulveriser  unit,  and  it  has 

been  extensively  adopted  in  cases  where  a  comprehensive  mill 

plant  cannot  be  entertained.    As  a  means  of  pulverising  fuel  to 

a  certain  degree  of  fineness  it  has  proved  very  satisfactory,  but 
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it  will  not  produce  coal  dust  at  the  degree  of  fineness  required 
for  efi&ciently  heating  certain  types  of  metallurgical  furnaces. 

The  pulveriser  is  shown  open  in  Fig.  15.  It  is  of  the  beater 
type,  and  no  dryer  is  used  as  a  rule.  Coal  is  fed  into  the  reciprocal 
feed  chamber,  coal  and  air  entering  together ;  the  pulverisation 
and  air-mixing  takes  place  during  the  one  operation.  Botary 
fan  blades  attached  to  the  main  shaft  at  the  discharge  end  induce 


Fio.  16.—**  Aero  "  Pulveriaer  Mill. 

a  current  of  air  through  the  mill  and  remove  the  particles  of 
coal. 

It  can  only  be  said  that  this  is  more  or  less  of  a  crude  type  of 
apparatus  in  comparison  with  the  comprehensive  plants  described, 
but  it  fills  a  gap  where  small  quantities  of  pulverised  coal  are 
required. 

Apart  from  particular  appUcations  where  this  unit  is  pre- 
ferable, it  can  be  made  use  of  to  advantage  when  preUminary 
experiments  are  to  be  carried  out  in  advance  of  making  a  decision 
as  to  whether  a  complete  mill-house  plant  should  be  installed. 
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*'  Stroud  "  System. 

Another  type  of  small  self-contained  pulveriser  apparatus 
is  shown  in  Fig.  16.    This  apparatus  belongs  to  the  disintegrator 

r  '     ■ 


Fio.  16.—** Stroud '*  Air  SeparatioD  Pulveriser.    (View  from  froni  end.) 
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class  of  machines.  Ck)al  of  i^  to  2  inch  cubes  can  be  fed  into 
the  pulveriser,  and  the  lumps  are  thrown  against  each  bther 
and  against  the  rough-toothed  lining  plates  by  the  rapidly 
revolving  beaters.  When  pulverisation  has  taken  place  the  dust 
is  extracted  by  means  of  an  exhausting  fan,  fineness  depending 
upon  the  speed  of  the  latter  and  the  velocity  of  the  air  current 
through  the  grinding  chamber.  Ck)arse  particles  fall  back  into 
the  grinding  chamber.  Like  the  "  Aero  "  this  machine  would  be 
useful  for  supplying  small  quantities  of  pulverised  coal  and  for 
making  trials  on  furnaces  prior  to  installing  a  complete  mill- 
house  plant. 

Thb  Locomotive  Pulverised  Fuel  Company's  and  The 
Powdered  Goal  Engineerino  Company's  Systems. 

The  special  feeder  mixers  and  carburetters  supplied  by 
these  companies,  together  with  the  locomotive  equipment  sup- 
plied by  the  former  company,  are  described  in  the  "  Report." 

Applications. 
Malleable  Iron  Furnaces. 

Pigs.  17  and  18  show  the  method  of  applying  powdered  coal 
to  a  malleable  iron  melting  furnace  in  which  temperatures  be- 
tween 8000°  P.  (1650°  C.)  and  8220°  P.  (1770°  C.)  can  be  obtained 
with  air  at  60°  P.  (16°  C),  and  higher  temperatures  will  result 
with  preheated  air. 

Melting  conditions  are  under  perfect  control,  and  at  this 
degree  of  heat  there  is  of  necessity  little  free  oxygen  present,  so 
that  the  burning  out  of  valuable  elements  such  as  carbon  and 
silicon  is  avoided,  and  melting  takes  place  with  a  very  low  loss. 

By  the  use  of  powdered  coal  the  flame  can  be  directed  on 
to  the  bath  of  metal ;  thus  it  becomes  possible  to  dispense  with 
the  **  top  air  "  jets  usually  provided  on  hand-fired  furnaces  in 
order  to  force  the  hot  gases  away  from  the  roof  brickwork  and 
on  to  the  metal  bath. 

Mr.  Joseph  Harrington  ^  has  given  a  concise  explanation  of 
the  radiant  heat  effect  of  minute  incandescent  carbon  particles, 

^  Tke  Foundry,  Ootobor  1016  and  December  1918. 
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the  benefit  of  which  is  fully  realised  with  pulverised  fuel.    For 
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the  information  o!  those  who  may  not  be  able  to  obtain  access 
to  this  information,  it  will  not  be  out  of  place  to  quote  from 
Mr.  Harrington's  second  article.  When  comparing  older  methods 
with  that  of  coal-dust  firing  he  remarks  that  in  ordinary  practice 
air,  usually  known  as  top  air,  is  introduced  into  the  furnace  from 
above.  This  supplies  the  necessary  oxygen  for  the  complete 
burning  of  the  hydrocarbon  gases  evolved  in  the  fire-box ;  and 
also  serves  to  force  the  hot  burning  gases  down  on  to  the  metal 
bath. 

It  has  been  customary  to  apply  this  secondary  air  by  means 
of  from  -four  to  six  nozzles,  spaced  across  the  top  of  the  furnace 
and  slanting  downward  towards  the  metal  bath.  It  is  almost 
obvious,  however,  that  2-inch  jets  of  air  spaced  15  or  20  inches 
apart  will  not  have  a  character  other  than  that  of  jets.  The 
space  between  the  jets  is  filled  with  furnace  gas  inadequately 
supplied  with  air,  and  in  all  probability  it  is  this  gas  which  finds 
its  way  along  the  furnace  roof  and  eventually  bums,  if  at  all, 
in  the  rear  of  the  furnace  or  in  the  flue  leading  to  the  stack. 

Powdered  Coal  as  a  Gas. 

Considering  now  the  radical  difference  between  this  method 
and  the  conditions  which  obtain  with  pulverised  coal  in  suspension 
in  a  stream  or  jet  of  carrying  air,  one  must  conceive  of  the 
powdered  coal  having  the  character  of  gas  in  order  fully  to 
appreciate  the  controllability  of  the  flame  both  as  to  direction 
and  velocity  and  extent.  The  nozzles  in  this  case  are  placed 
in  such  a  manner  that  the  fuel  jet  itself  is  directed  downward 
toward  the  hearth.  The  velocity  of  the  jet  being  controllable, 
the  flame  can  be  made  practically  any  length  desired.  By  using 
a  high- velocity  jet  it  would  be  possible  to  cause  the  flame  itself 
to  directly  strike  the  liquid  iron  and  spread  out  in  a  continuous 
sheet  over  the  surface  of  the  metal,  or  to  mingle  intimately  with 
the  pile  of  iron  on  the  hearth.  On  the  other  hand,  it  is  eqlially 
possible  to  decrease  the  velocity  of  the  jet  to  a  point  where  it 
reaches  the  right  part  of  the  furnace  close  to  the  metal,  and  there- 
upon loses  the  velocity  acquired  at  the  nozzles,  and  becomes  a 
floating  mass  of  gas  moving  with  relative  slowness  through  the 
furnace.  To  hold  the  sheet  of  slowly  moving  but  very  intensely 
heated  gas  near  the  surface  of  the  metal,  a  relatively  thin,  con- 
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tinuous  sheet  of  air  can  be  introduced  in  the  same  place  that 
the  top  air  nozzles  ordinarily  are  located.  It  is  obvious  that 
this  secondary  air,  if  introduced  in  a  uniform  sheet  the  entire 
width  of  the  furnace,  at  least,  at  the  moment  of  its  introduction, 
will  spread  out  into  a  very  thin  layer,  having  a  maximum  of 
exposed  surface  and  a  minimum  of  gaps  through  which  unbumed 
gases  can  pass. 

In  the  malleable  melting  furnace,  after  the  pile  has  begun  to 
subside,  there  is  little  or  no  tendency  for  the  gases  to  mix,  and 
the  efifect  of  the  air  curtain  described,  therefore,  is  to  cause  a 
stratification  of  the  gases  in  the  furnace.  The  hottest  gases  are 
held  down  in  the  furnace  in  direct  contact  with  the  metal  bath. 
At  the  same  time  there  is  a  certain  protection  to  the  roof  of  the 
furnace  caused  by  the  layer  or  stratum  of  air  in  immediate  con- 
tact therewith.  It  undoubtedly  will  be  conceded  by  melters 
that  it  would  be  desirable  if  the  roof  of  a  melting  furnace  could 
be  lowered  after  the  metal  pile  subsides  and  during  the  latter 
part  of  the  heat  until  the  clearance  between  the  roof  and  the 
hearth  should  be  cut  in  two.  But  it  is  necessary  to  have  the 
roof  a  certain  height  in  order  to  make  it  possible  to  charge  the 
furnace,  and  this  height,  of  course,  has  to  be  maintained  at  all 
times.  However,  the  effect  of  lowering  the  furnace  roof  can 
largely  be  accompUshed  as  previously  indicated,  and  with  a 
highly  preheated  air  under  control  the  incandescent,  pulverised 
coal  flame  can  be  made  to  skim  along  the  surface  of  the  bath  in 
direct  physical  contact  therewith,  and  in  the  very  best  position 
to  give  up  the  maximum  amount  of  heat  thereto. 

It  is  perhaps  obvious  from  the  foregoing  that  the  beneficial 
result  obtainable  from  the  better  contact  of  gas  and  metal  and 
the  utilisation  of  the  radiant  heat,  is  a  quicker  melt  with  less 
boming  out  of  the  desirable  elements  of  silicon,  manganese,  and 
carbon. 

With  pulverised  coal  it  is  possible  to  get  an  incandescent 
front  within  a  few  minutes  of  the  time  of  starting,  even  though 
the  furnace  be  perfectly  cold  at  first.  The  high  temperature  is 
maintained  consistently  until  tapping  is  begun.  It  is  inevitable 
that  the  iron  should  melt  quicker  under  these  conditions,  and 
just  as  inevitable  that  the  losses  of  valuable  ingredients  should 
be  reduced.  Slag  troubles  do  not  occur  because  the  ash  liquefies 
and  runs  down  on  to  the  metal  bath,  from  which  it  is  skimmed 


Digitized  by 


Googk 


94  HARVEY  :   USE   OF   PULVERISED   OOAIr,   WITH  SI^OIAL 

periodically  with  the  rest  of  the  slag.  The  conservation  of  the 
carbon,  &c.,  has  a  directly  favourable  influence  on  the  amount 
of  high-grade  iron  to  be  charged,  and  a  definite  saving,  variously 
estimated  from  2  to  5  per  cent.,  is  the  result. 


Open-Hearth  Meliing  Furnaces. 

Burners. — For  the  general  run  of  metallurgical  furnaces 
burners  of  simple  design  are  used.  These  consist  mainly  of  an 
air-blast  pipe  into  which  the  coal  dust  is  fed  from  the  screw 
feeder.  The  dust  falls  into  the  air  stream,  and  in  this  way  is 
carried  into  the  combustion  chamber. 

Certain  special  burners  or  mixers  have  been  designed,  whereby 
a  premixing  of  the  coal  dust  and  air  is  effected  in  one  or  more 
stages  before  the  final  mixture  emerges  from  the  burner  nozzle. 

With  the  simple  type  of  burner  having  the  one  air-supply 
pipe,  fine  adjustment  of  the  mixture  can  be  effected  by  means 
of  a  natural-draught  sliding  cone  section. 

For  melting  steel  in  the  open-hearth  furnace  it  is  desirable 
to  project  the  flame  on  to  the  centre  of  the  bath,  so  that  at  each 
reversal  the  one  or  other  end  receives  the  greater  intensity  of 
heat.  Burners  for  this  purpose  are,  therefore,  generally  operated 
with  high  and  low  pressure  air,  the  burners  being  made  with  swivel 
joints,  so  that  the  flame  can  be  projected  in  the  direction  required. 

The  usual  type  of  burner  is  shown  in  Fig.  19,  and  screw- 
adjusting  gear  is  usually  fitted,  so  that  the  nozzle  section  can  be 
moved  in  order  to  control  the  direction  of  the  flame.  This 
burner  is  for  working  with  low-pressure  air  at  the  main  supply, 
and  with  a  small  proportion  of  compressed  air  to  effect  thorough 
mixing  of  the  air  and  coal  dust  through  expansion  of  the  high- 
pressure  supply. 

The  second  illustration.  Fig.  20,  shows  a  burner  to  work  with 
compressed  air  only ;  the  coal  dust  in  this  case  is  syphoned  out 
of  the  fuel  chamber. 

It  is  general  practice  to  arrange  the  burner  nozzle  in  front 
of  a  natural-draught  inlet  port.  Overheating  of  the  burners 
does  not  take  place,  because  at  each  reversal  the  burner 
is  usually  withdrawn  and  an  iron  slide  lowered  over  the  inlet 
port. 
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In  certain  instances  this  operation  is  automatically  performed 
the  starting  and  stopping  of  the  air  and  coal  dust  supplies  being 


«ri^M««  tv^d 


operated  by  electrical  control  gear  working  in  synchronism  with 
the  reversal  of  the  chequer  valves. 

The  use  of  high-pressure  air  for  open-hearth  steel  furnaces 
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enables  the  full  flame  temperature  to  be  developed  in  close 
proximity  to  the  metal  and  avoids  the  overheating  of  the  re- 
fractory walls. 

The  application  of  powdered  coal  to  open-hearth  furnaces 
has  not  been  so  generally  carried  out  as  for  other  purposes  in 
steelworks,  but  of  recent  years  much  progress  has  been  made. 

It  is  quite  possible  to  melt  steel  with  powdered  coal  and 


r^ 


FiQ.  20.— High-PresBuro  "Syphon"  Type  of^Bmner. 

cold  air,  but  the  time  required  under  these  conditions  for  melting 
is  too  long. 

[  Preheated  air  is  always  used,  and  this  is  generally  effected  in 
the  existing  regenerative  air  chambers,  in  which  much  trouble 
was  at  first  experienced  with  ash  deposit.  Furnaces  heated  by 
this  means  can  be  so  designed  as  to  overcome  the  ash  trouble, 
and  this  can  very  often  be  accomplished  on  existing  furnaces. 

Fig.  21,  Plate  II.,  shows  a  40-ton  open-hearth  furnace  with 
ash  bogies  placed  below  the  down-take  flues,  in  which  a  very 
large  quantity  of  the  ash  particles  carried  through  the  melting 
chamber  is  collected  before  the  gases  enter  the  checker-work. 

With  a  suitable  fuel,  finely  pulverised  and  applied  in  approved 
manner  in  conjunction  with  heated  secondary  air,  excellent 
results  have  been  obtained  in  America,  and  the  use  of  powdered 


Digitized  by 


Googk 


BEFEBEKCB  TO  ITS  APPLIOATION  IN   METALLTTBGT.  97 

coal  for  this  purpose  has  now  reached  a  practical  and  successful 
stage. 

This  matter  was  recently  referred  to  in  Blast-Furnace  and 
Steel  Plant  as  follows  : 

"  While  for  heating  furnace  work  many  kinds  of  coal  are  avafl- 
able  for  powdering,  the  list  of  available  coals  for  open-hearth 
work  is  small.  Small  sulphur  content  and  small  ash  content 
together  with  high  volatile  content  are  extremely  desirable. 
Many  failures  of  powdered  coal  for  open-hearth  work  are  due 
to  the  purchasing  of  a  cheap  coal.  Begenerators  must  be  so 
designed  that  fused  ash  can  be  deposited  in  a  removable  slag 
pocket  before  the  flue  gases  reach  the  checker  work.  The  latter 
must  be  fairly  open.  Good  success  has  been  attained  by  making 
the  gas  passages  tubular  without  dead  spaces  or  projecting  comers 
which  may  favour  deposit.  From  snowstorms  it  is  known  that 
snow  drifts  into  places  where  the  air  is  stagnant,  and  accumulates 
there.  Ash  in  flue  gases  does  the  same.  Easy  bends  of  tubular 
construction  and  without  sudden  changes  in  cross-section  are 
therefore  recommended. 

"To  avoid  deposits  of  ash,  the  coal  must  be  very  finely 
ground.  The  finer  the  coal,  the  slower  the  air  current  in  which 
it  will  remain  afloat.  Installations  of  grinders  much  larger  than 
absolutely  necessary  are  recommended,  because  overloading  of 
pulverising  apparatus  causes  coarse  grinding.  If  the  grinding 
is  fine  enough,  if  the  regenerators  are  properly  designed,  and  if 
a  good  coal  is  burned,  practically  all  of  the  ash  ^  is  carried  out 
through  the  stack  in  the  shape  of  a  scarcely  visible  whitish  haze. 
If  these  precautions  are  not  used,  and  particularly  if  a  cheaper 
grade  of  coal  is  used,  frequent  repairs  to  the  furnace  regenerator 
are  necessary  ;  in  some  places  the  regenerators  have  to  be  cleaned 
out  every  four  weeks.  There  is  consequently  no  saving  in  using 
a  cheap  coal,  particularly  in  times  of  great  demand  for  steel. 
The  gain  due  to  the  avoidance  of  frequent  shut-downs  pays  several 
times  over  for  the  difference  in  the  price  of  coal." 

Fig.  22  shows  the  application  of  powdered  coal  to  a  steel 
tilting  furnace.  It  will  be  noticed  that  it  is  a  furnace  of  the  non* 
reversing  type,  the  flow  of  the  gases  being  always  in  one  direction, 

.  1  Precomably  that  portion  of  the  Mh  passing  oat  of  tho  melting  ohftmber  and  owg  tha 
•lig  pooket  proTioodj  referred  to. 
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"^hich  simplifies  the  installation,  and  incidentally  it  may  be 
pointed  out  that  the  use  of  powdered  coal  enables  the  gas  re- 


generators to  be  dispensed  with.    The  figure  has  been  taken 
from  Mr.  C.  J.  Gadd's  paper  previously  referred  to. 

With  regard. to  sulphur  contamination  of  steel,  this  is  no 
greater  than  with  producer-gas.  The  sulphur  contained  in  the 
coal  is  split  up  into  such  fine  particles  that  it  is  immediately 
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burned  and  the  products  pass  off  in  the  waste  gases.    In  one 


case  a  coal  containing  1*25  per  cent,  sulphur  was  used,  and  the 

analysis  showed  only  0*085  to  0*04  per  cent,  in  the  steel  produced. 

-Several   figures   relating   to   fuel  consumption    when   using 
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powdered  coal  are  given  in  the  "Beport/'  the  average  being 
between  600  and  600  lbs.  per  gross  ton  of  ingots  cast.  Beference 
may  be  made  to  certain  results  obtained  in  one  instance,  after 
conversion  of  a  producer-gas  fired  open-hearth  furnace  to  pul- 
verised-coal  firing:  record  monthly  tonnages  were  obtained,  and 
for  8218  tons  melted  in  one  month  the  overall  fuel  consumption 
was  441  lbs.  per  gross  ton  of  steel. 

Soaking  Pits. 

A  powdered-coal  fired  soaking-pit,  fitted  with  a  combination 
high  and  low  pressure  syphon  burner,  is  shown  in  Mg.  23. 

This  illustration  has  been  taken  from  Mr.  C.  J.  Gadd's  paper 
previously  referred  to. 

Puddling  Furnaces. 

Pig.  24  shows  a  very  common  type  of  puddling  furnace  fitted 
with  waste-heat  boiler  and  air-heating  pipe.  Fuel-consumption 
figures  obtained  on  furnaces  making  special  muck  bar  for  stay 
bolts,  both  with  cold  and  preheated  air,  are  given  under  "  Besults," 
p.  118.  It  may  here  be  mentioned  that  with  air  preheated  to 
582°  F.  (280°  C.)  and  with  cold  aur  62°  F.  (17°  C.)  a  reduction  of 
about  10  per  cent,  in  fuel  consumption  due  to  the  hot-air  supply 
is  obtained.    Melting  times,  <bc.,  were  as  follows : 

period  of  operatton,  4.30  ▲.!!.  to  2.38  p.k. 

Total  iron  ohaived 5028  lb. 

Total  iron  pad£ed 4502  „  (4  heats  of  1125  lb.) 

Low  of  metal  in  furnace 526  „ 

Time  of  indlTidaal  heats,  1  hour  50  minutes  to  2  hours  15  minutes. 

Some  very  valuable  features  of  powdered-coal  firing  for 
puddling  furnaces  are  evidenced  by  the  records  of  gas  analysis 
taken  during  the  various  operations.  The  charts  (Fig.  25)  show 
that  perfect  combustion,  reducing,  or  oxidising  conditions  can 
be  obtained  at  will,  whereas  with  hand-firing  such  flexibility 
of  control  is  impossible.  These  charts  were  specially  made  to 
find  out  from  actual  gas  analysis  the  precise  advantages  in  this 
direction  which  are  directly  attributable  to  powdered-coal  firing 
as  against  hand-firing. 

Fig.  26  shows  a  standard  type  of  three*door  heating  furnace, 
fitted  with  waste-heat  boiler  and  air-heating  pipe.    Furnaces 
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of  this  design  are  generally  used  in  America  for  heating  iron 
pileSi  &c,,  and  a  number  of  such  furnaces  were  seen  in  use  for 
this  purpose  and  for  heating  slabs  for  rolling. 

Average  charges  for  three-door  furnaces  serving  8  by  12  inches 
tandem  mills  were  eighty  pipe  piles  4  inches  by  4  inches  by  24 
inches.     The  average  temperature  of  furnaces  at  commencement 


Fio.  24.— Powdered  Coal  Fired  Puddling  Furnace. 

of  drawing  the  charges  was  2560°  F.  (1400°  C),  the  average  times 
for  the  cycle  of  operations  were :  charging  9  minutes,  heating 
50  minutes,  drawing  1  hour  15  minutes. 

Blasl'Furnaces, 

In  this  connection  the  use  of  pulverised  coal  is  not  new, 
experiments  having  been  carried  out  very  many  years  ago  with 
little  success. 
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It  is,  however,  interesting  to  quote  verbatim  a  description 
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Fza.  2S.«Piiddliiig  Fanuoei.    Fine  Om  Analjiei. 

Powdered-ooal  firing 

Hand-stoking  —  ^ 

of  a  recent  report  upon  a  proposed  method  of  using  coal  for  this 
purpose  in  Germany. 
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F.  Lange  ^  states  that  at  the  Phoenk  Works  at  Enpferdreh 
from  4  to  8  per  cent,  by  volume  of  lean  and  anthracite  coal  from 
a  neighbouring  mine  was  mixed  with  the  iron-ore  charge.  This 
addition  of  raw  coal  was  always  found  to  have  a  good  influence 
in  the  production  of  foundry  iron,  hsematite,  and  ferrosilicon, 
and  particularly  on  the  silicon  contents  of  metal.  A  similar 
addition  is  also  to  be  recommended  in  the  production  of  ferro- 
manganese,  especially  when  brown  ore  is  used  that  contains  the 


Fzo.  26.— Powdered  Ck>al  itrcd  Slab  Heating  Farnaoe. 

manganese  as  the  higher  oxide.  Also  the  coke  can  be  partly 
replaced  by  lump  anthracite  with  a  saving  in  cost  depending  on 
the  prices  of  the  materials. 

Another  use  of  raw  coal  is  its  introduction  through  the  tuyeres 
directly  into  the  furnace,  but  in  a  dry  and  very  finely  powdered 
condition,  so  that  not  more  than  16  per  cent,  remains  behind 
on  a  180-mesh  screen.  This  use  of  raw  coal  is  believed  by  Lange 
to  have  a  good  future.  In  order  to  introduce  successfully  a 
part  of  the  fuel  at  the  tuyeres  it  is  absolutely  necessary  that  a 

^SkM  und  Sistn  ;  Iron  Agt,  1915,  September  2. 
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sudden  and  intensive  combustion  should  take  place,  which  can 
only  be  brought  about  by  the  greatest  possible  fineness  of  the 
coal.  The  temperature  in  the  melting  zone  will  be  considerably 
increased,  and  the  following  advantages  are  to  be  expected : 

1.  The  cost  for  fuel  will  be  smaller,  because  the  coke  is  partly 
replaced  by  the  much  cheaper  coal.  At  Kupferdreh  if  one-sixth 
of  the  coke  were  replaced  by  the  dry-powdered  coal  the  saving 
would  be  1*25  marks  per  ton  of  pig  iron. 

2.  The  production  of  ferro-siUcon,  ferro-manganese,  ferro- 
chrome,  &c.,  will  be  made  easier,  and  with  ferro-manganese  there 
will  be  less  loss  of  manganese  in  the  slag. 

8.  The  top  temperature  will  be  lower,  because  less  fuel  will 
be  added  with  the  charge. 

The  influence  of  the  fine  coal  may  be  compared  with  that 
of  an  increased  blast  temperature,  because  its  efifect  is  developed 
directly  at  the  tuyeres.  Its  use  is  particularly  recommended 
for  small  blast-furnaces,  which  are  preferable  when  fine  ores  are 
to  be  used.  On  account  of  the  heat  developed  by  the  coal  the 
blast  temperatures  could  be  lowered  so  that  the  old  pipe  stoves 
would  be  preferable,  on  account  of  the  regularity  of  temperature 
thereby  obtained. 

It  is  pointed  out  in  conclusion  that  the  powdered  coal  provides 
a  suitable  means  of  heating  the  stoves  when  starting  up  or  when 
the  gas  supply  is  insufficient  for  any  reason. 

On  this  subject  the  author  has  received  some  valuable  notes 
from  Mr.  Wotherspoon  of  New  York,  who  kindly  gives  permission 
for  reference  to  be  made  to  this  information. 

Mr.  Wotherspoon  says  that  there  is  one  important  develop- 
ment in  the  use  of  pulverised  coal  of  special  interest,  namely, 
the  use  of  it  in  blast-furnaces  for  the  smelting  of  non-ferrous  ores. 

A  company  has  just  been  formed  in  New  York  to  work 
patents  covering  the  processes  of  smelting  by  pulverised  fuel. 
The  novelty  is  the  combustion  of  pulverised  fuel  under  pressure 
in  the  restricted  combustion  space  contained  in  a  blast-furnace 
charge,  which  space  consists  of  the  voids  in  the  charge,  that  is, 
in  the  ores,  fluxes,  and  by-products,  and  in  the  channelling  in 
the  smelting  zone. 

At  Tennessee  a  furnace  has  been  operating  for  some  time 
with  all  the  coke  replaced  by  pulverised  coal,  and  it  has  been 
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found  that  the  percentage  of  powdered  ooal  required  is  8-8 
per  cent,  as  against  6  per  cent,  or  more  of  coke  in  ordinary 
practice,  thus  showing  not  only  very  important  economies  due 
to  the  substitution  of  a  cheap  tnel  for  an  expensive  one,  but 
also  a  reduction  of  about  80  per  cent,  in  tonnage  required. 

At  the  International  Nickel  Company's  smelter  works 
extended  runs  have  also  been  made  with  the  coke  reduced  to 
one-half,  with  the  deficiency  in  fuel  made  up  by  pulverised  coal. 

Nodulising  Iron  Ore. 

Iron  ore  is  nodulised  in  kilns  of  similar  design  to  those  used 
for  burning  cement ;  the  high  temperature  produced  by  com- 
bustion of  coal  dust  renders  this  method  of  heating  very  success- 
ful for  nodulising  iron  ore,  in  which  form  it  <5an  be  charged  into 
blast-furnaces  with  a  minimum  of  loss. 

BaOers. 

This  subject  has  been  fully  treated  in  the  Beport  submitted 
to  the  Director  of  Fuel  Research,  but  it  will  not  be  out  of  place 
to  record  here  the  views  of  Professor  W.  F.  Dumand,^  Leiand 
Stanford  University,  California  : 

''  To  obtain  the  best  results  in  the  furnace  the  coal  should  be 
ground  to  a  degree  of  fineness  which  will  insure  the  passage  of 
95  per  cent,  through  a  100-mesh  screen  and  86  per  cent,  through 
a  200-mesh  screen. 

"  With  coal  thus  prepared  and  with  heating  value  11,680  B.t.u., 
tests  have  shown  an  equivalent  evaporation  of  8*88  lb.  per  pound 
of  coal  fired  and  of  10-9  lb.  per  pound  of  combustible.  With 
Texas  lignite  with  a  heating  value  of  11,250  B.t.u.  the  results 
showed  7*26  lb.  per  pound  of  coal  fired  and  8-81  per  pound  of 
combustible." 

These  remarks  were  made  in  relation  to  the  possibility  of 
firing  boilers  with  Texas  Ugnite  carrying  as  high  as  20  per  cent. 
ash  and  80  per  cent,  moisture,  and  the  results  are  indicative  of 
what  can  be  accomplished  with  low-grade  fuels  for  this  purpose. 

In  connection  with  copper-smelting  furnaces,  waste-heat 
boilers  are  invariably  used,  and  it  has  been  stated  that,  as  com- 

1  Sltelrieal  World,  January  6.  1017. 
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pared  with  hand-fired  f  umaceSi  boiler  tubes  are  cleaned  no  of  tener 
when  using  pulverised  coal  than  for  hand-firing.  The  ash  in 
the  waste  gases  gives  very  Uttle  trouble,  flue  connections  being 
cleaned  out  once  a  day.  With  certain  coals  less  trouble  has  been 
experienced  in  cleaning  away  the  ash  in  flues  with  a  20  per  cent, 
ash  coal  than  with  a  coal  containing  only  9  per  cent,  of  ash  but 
of  a  more  fusible  nature.  Approximately  60  per  cent,  of  the 
total  ash  content  remains  in  the  furnace  and  is  run  off  in  the 
Blag. 

An  illustration  in  the  "  Beport "  shows  the  arrangement  of 
a  Dutch  oven  built-  out  in  front  of  the  boiler  and  the  provision 
of  slag  chamber  that  is  to  be  preferred  in  cases  where  an  ash-pit 
of  the  design  shown  can  be  used.  It  is  essential  to  provide  a 
sufficient  combustion  area  per  pound  of  coal  burned  per  minute 
or  per  hour,  otherwise  incomplete  combustion  results,  and  ash 
is  not  deposited  in  the  slag  chamber  in  the  quantity  required. 
An  undesirable  deposit  will  also  be  found  on  the  boiler  tubes, 
due  to  the  partly  burned  particles  of  coal  adhering  to  the  tubes 
and  fluxing  thereon,  and  to  the  high  velocity  of  gases  through 
the  restricted  combustion  chamber.  This  results  in  the  carrying 
over  of  an  undue  proportion  of  the  ash. 

With  correct  combustion  space  and  low  velocity  of  gases 
readily  fusible  ash  is  deposited  in  the  slag  chamber,  and  the 
fine  more  or  less  infusible  particles  float  through  the  boiler  tubes 
and  boiler  passes. 

In  cases  where  it  is  impossible  to  excavate  under  the 
boiler  setting  to  provide  for  the  slag  chamber,  or  for  the  ash 
tunnel,  an  extended  Dutch  oven  must  be  employed  to  obtain  the 
required  minimum  combustion  area. 

The  ideal  conditions  exist,  of  course,  when  a  new  plant  is  to 
be  designed.  Fig.  27  shows  the  latest  approved  arrangement. 
All  burner  and  air-supply  piping  is  out  of  the  way  in  the  ash 
tunnel,  and  ample  provision  can  be  allowed  for  the  ready 
handling  of  the  slag  deposit  and  fine  dust  removal. 

Applications  to  Lancashire  boilers  are  not  so  easily  carried 
out  when  space  in  front  of  the  boiler  is  limited.  A  suitable 
arrangement,  having  in  mind  the  essential  points  mentioned 
above,  would  be  that  shown  in  Fig.  28. 

The  ideal  arrangement  would  be  to  have  a  deep  and  narrow 
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combustion  chamber  in  front  of  the  boiler  with  a  burner  at  each 
end,  but  Lancashire  settings  are  as  a  rule  so  close  that  this  method 
cannot  be  adopted. 

Waste-Heai  BoO&rs. 

The  application  of  powdered  fuel  to  high-temperature  furnaces, 
open-hearth  melting,  puddling,  forging  and  welding,  billet-heat- 
ing furnaces,  with  the  exception  of  those  of  the  continuous 
type,  and  cement  kilns  makes  it  possible  to  instal  waste- 
heat  boilers  with  great  advantage.  The  temperature  variation 
in  such  furnaces  is  very  small,  comparing  favourably  in  this 
respect  with  the  umform  temperatures  obtainable  with  gas  and 
oil  firing.  The  fine  unfused  ash  dust  passing  into  the  boiler 
from  the  furnace  causes  very  little  inconvenience. 

The  utilisation  of  waste  heat  from  metallurgical  furnaces 
was  very  fully  dealt  with  by  T.  B.  Mackenzie  ^  at  the  last  meeting 
of  the  Institute,  and  heat  balance-sheets  and  results  of  tests 
will  be  found  in  his  paper.  A.  D.  Pratt  ^  has  also  recorded  the 
results  of  tests  of  waste-heat  boilers  attached  to  open-hearth 
furnaces. 

By  the  use  of  a  supplementary  burner  fitted  at  the  uptake 
to  the  boiler,  steady  steaming  at  full  rated  output  can  be 
obtained,  thus  removing  the  usual  objection  to  this  type  of 
steam  supply  plant, 

LocomoHves. 

The  work  that  must  be  carried  out  in  order  to  convert  hand- 
fired  locomotives  to  powdered-coal  firing  is  not  excessive,  and  the 
equipment  is  not  at  all  complicated ;  for  instance,  the  Fuller 
apparatus  has  been  designed  with  reliability  and  simplicity  as 
the  two  outstanding  features.  For  this  system,  as  a  rule,  standard 
brick  arches  are  used.  The  burners  are  made  as  large  as 
possible,  so  that  velocity  of  the  entering  coal-dust  mixture  is 
low,  which  eliminates  a  cutting  flame  and  damage  to  the  refrac- 
tory brickwork.  The  two  screw  feeders  are  geared  to  a  slow-speed, 
two-cylinder  reciprocating  engine.  Either  burner  can  be  used  for 
maximum  feed  should  this  be  necessary.    The  feeder  engine  can  be 

1  Journal  of  Ou  Iron  and  SUd  ZnttUuU,  1918,  No.  11.  p.  139. 

*  Journal  of  A<  Amtrieam  SooiUy  of  Mtehan4eal  Bnginura,  Deoember  6,  1916. 
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HAND   flRTNG 


PowDERCD  CDffi  Firing 


Flo.  20.— CompftriMin  of  ApproximAte  Utilintioo  and  Wtcte  of  Fuel  supplied  to  a 
LooomotiTe  Boiler  viUiEand  and  FOwdarad  Goal  Firing.  taUog  Fuel  at  deliTwed 
to  BngiiiB  Tender. 
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ran  off  the  round  house  steam  supply  until  15  lb.  loco  boOer 
pressure  is  developed  and  will  run  under  all  pressures  from  15  lb. 
to  200  lb.  per  square  inch.  Three  hundred  per  cent,  feed  regu- 
lation can  be  effected  from  the  cab  control  and  600  per  cent, 
by  shifting  over  the  gear-control  lever.  A  steam  turbine  fan 
is  used  to  supply  air  at  2-inch  (w.g.)  pressure. 

The  application  of  pulverised  coal  to  coUiery  locomotives 
should  be  of  considerable  value,  thereby  rendering  possible  the 
burning  of  low-grade  coals,  which  may  be  unsuitable  for  sale  as 
commercial  fuel. 

It  can  be  taken  that  at  least  20  per  cent,  to  80  per  cent,  of 
coal  tonnage  now  required  for  hand-fired  locomotives  can  be 
saved. 

Diagram  Fig.  29  shows  a  comparison  of  the  fuel  losses  in  loco- 
motive boilers,  when  hand-fired  and  when  using  powdered  fuel. 

Marine  Propulsion  and  InterrudnCombtLstion  Engines. 

Beference  to  the  trials  conducted  on  U.S.  scout  patrol  ship 
Gem  with  powdered  coal  has  been  made  in  the  "  Beport." 
During  these  trials  it  was  demonstrated  that  equal  speed  could 
be  obtained  with  steam  generated  in  one  boiler  fired  with  powdered 
coal  as  with  two  oil-fired  boilers.  At  the  same  time  a  00^  con- 
tent of  14r-16  per  cent,  was  maintained  when  using  coal  dust. 

There  is  an  extremely  .important  field  for  investigation  in 
this  direction,  and  it  may  eventually  become  possible  to  pulverise 
and  use  ordinary  bunker  lump  coal  without  having  to  rely  upon 
shore  pulverisation  and  the  bunkering  of  coal  in  powdered  form. 

Very  successful  trials  have  been  run  over  extended  periods 
on  a  cruiser  under  war  conditions  during  the  past  two  years, 
one  boiler  having  been  fired  almost  exclusively  with  powdered 
coal. 

Another  question  now  receiving  attention  is  the  supply  of 
powdered  coal  and  air  as  an  explosive  mixture  for  internal-com- 
bustion engines.  Much  work  has  been  done  already  in  America, 
and  difficulties  with  deposit  and  cutting  of  engine  valves  have 
been  to  a  very  great  extent  overcome.  This  method  of  power 
development  is  destined  to  become  of  increasing  value  in  the 
future. 
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Lignite,  Pitch,  and  Colloidal  Oil  as  Fuels  for 
Metallurgical  Processes. 

lAgniie. 

Lignites  are  soft  and  readily  ground,  so  that  mill  output  is 
increased  as  compared  with  the  rates  for  grinding  anthracite 
or  bituminous  coals ;  power  per  ton  ground  is  correspondingly 
reduced.  Apart  from  the  necessity  of  drying  slowly,  owing  to 
the  heavy  moisture  content  which  reduces  the  capacity  of  dryers, 
lignite  is  an  excellent  fuel  where  sulphur  contamination  is  to  be 
avoided,  for  it  contains  Uttle  or  no  sulphur  as  a  rule,  and  the 
more  or  less  infusible  ash  is  easily  removed  from  combustion 
chambers  or  flues. 

The  following  is  an  account  by  Mr.  W.  H.  Maddocks,  of  the 
M.K.  and  T.  Bailway,  regarding  the  first  tests  ever  made  with 
powdered  lignite  for  firing  boilers.  The  tests  were  run  on  some 
of  the  O'Brien  boilers  fitted  with  Fuller  Engineering  Company's 
equipment.  "  Hoyt,  Texas,  lignite  as  tested  gave  the  following 
analysis : 

Wet  Dry. 

Per  Gent.  Per  Gent. 

Moiftoie 24*48  7-06 

Volatile 3817  54-62 

Carbon 2804  24-72 

Aih 8-41  13-70 

100-00  100-00 

Salphor  eeparately  determined               .         0-63  0-008 

B.t.u 7006  10675 

**  Five  car-loads  of  this  coal  have  been  used  under  various 
conditions.  Two  of  them  had  been  exposed  to  heavy  rains  and 
showed  46  per  cent,  moisture.  With  our  limited  dryer  capacity 
the  coal  was  repassed  and  when  finally  used  showed  moisture 
varying  from  7  to  13  per  cent.  Coal  burned  under  these  con^ 
ditions  gave  good  results,  no  slag,  and  under  high  forcing  of  the 
furnace  an  evaporation  of  7-33  to  8'8  lb.  from  and  at  212°  per 
pound  has  been  obtained  with  this  low  B.t.u.  value.  No  choking 
of  screens  occurred  in  milling  at  this  moisture  content,  but  it  is 
believed  the  limit  was  about  reached. 

"  The  average  fineness  was  93  to  94  per  cent,  through  100-mesh 
and  84  to  86  per  cent,  through  200-mesh  screen;  this  with  a 
moisture  of  7  per  cent.,  not  quite  so  good  with  13  per  cent. 
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moisture.  Quantity  milled  was  in  excess  of  bituminous  coal. 
One  car  was  unloaded  in  November  1916  and  the  coal  was  stocked 
and  used  the  following  summer.  This  was  dried,  milled,  and  used 
with  no  appreciable  loss. 

**  With  a  diyer  designed  for  this  coal  with  its  excess  of  moisture 
it  could  be  burned  equally  as  well  as  bituminous  and  with  less 
deterioration  on  furnace  refractories  due  to  non-slagging." 


Filch. 

Pitch  as  a  fuel  has  valuable  characteristics  and  is  burned  in 
a  Uquid  state  in  the  manner  described  in  the  "  Beport." 

It  can  also  be  burned  as  a  pulverised  fuel ;  for  obtaining  this 
in  powdered  form  special  mills  must  be  used,  and  only  hard 
pitch  having  high  melting  points  can  be  successfully  treated  in 
this  manner.  An  analysis  of  hard  pitch  shows  ^  that  its  calorific 
value  can  be  as  high  as  15,928  B.t.u.  per  lb.,  moisture  0'05  per 
cent.,  ash  0-60  per  cent.,  volatile  matter  66-85  per  cent.,  fixed 
carbon  82-55  per  cent.  It  contains  no  sulphur,  and  is,  to  all 
intents  and  purposes,  free  from  ash.  It  requires  no  drjdng,  and 
can  be  successfully  pulverised  if  its  melting  point  in  air  is  above 
150°  C.  By  means  of  centrifugal  force,  pitch  can  be  reduced  to 
shot  of  any  size,  and  this  process  is  more  readily  accomplished 
than  direct  pulverisation. 

Pitch  is  an  ideal  fuel  for  special  high-heat  work  when  com- 
pletely burned,  and  this  can  best  be  effected  when  appUed  in  shot 
or  powdered  form. 

Bbsults. 

Typical  RuuiU  dbtainabU  <m  MttdBwgieal  Twmaom  using  PvhwiMtd  Ootd, 

Annealing  Fumaoes  (MaUeable  Iron  GMtings).        HAnd-FIiing.  Powdered  CoeL 

Coal  per  ton  of  castings 8801b.  840  U>.  1  61  per  cent. 

Ckstings  annealed  per  1  lb.  of  coal    ....    2'26  6*8       /    Saving. 

Goat  of  annealing  pots  per  ton  of  castings  •        .     $2*25  $0*83      83  per  cent. 

The  above  results  for  annealing  furnaces  were  given  by  a  user 
for  furnaces  prior  to  and  after  conversion  to  powdered  coal  and 
with  the  same  quality  of  fuel. 

Pewer,  Jane  85,  1918, 

1919— i.  I 
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Heating  FuniAoes  for  Foiling  Presses.                 Hand-Firing,  Powdered  Coal. 

Fomaoe  running 537  hoars  637  hours 

M       heating  up 88     „  88       „ 

Total  steel  heated  in  the  two  furnaces  .         .    3238  net  tons. 

Total  ooal  used 373*16  gross  tons  200*18  gross  tons 

Lb.  ooal  per  ten  steel  heated 616  lb.  277  lb. 

Hand-Firing  Powdered  Coal 

(2  Fumaoes).  (1  Furnace). 
12-Inoh  Shells,      12.Inoh  Shells, 

Shell-Heating  Furnaces.                               1060  Lb.  1060  Lb. 

Shells  heated 6174  4606 

Total  steel  heated,  tons  (2240  lb.)    ....                 2449  2132 

Total  ooal  used 726630  343276 

Lb.  ooal  por  ton  steel 296  161 

Open-hearth  fumaoe : 

600  lb.  per  ton  of  steel  as  against  800  lb.,  with  gas-producers  using  the  same  grade 
ooal  and  for  the  same  composition  of  steeL 
Performance  of  open-hearth  furnace,  June  13,  17,  1916 : 


Pulverised 

Total  Coal 

Pulverised 

Heat  No. 

Time. 

Tons  Ingots. 

Coal  per  Ton 

per  Ton 

Coal  per 

Ingots. 

Ingots. 

Hour. 

Hra.  Mins. 

3327 

9    40 

39-913 

661 

686 

2730 

3328 

10    16 

49-654 

542 

661 

2620 

3329 

10    65 

47-764 

568 

678 

2440 

3330 

10    20 

46-929     ) 
47-671     ; 

539 

568 

2616 

3331 

9    10 

(average) 

(average) 

3332 

9    20 

46-476 

650 

569 

2710 

Puddling  furnaces: 

Hand-fired,  2200  to  3300  lb.  per  ton  of  iron. 

Pulverised  coal,  1200  lb.  to  1600  lb.  per  ton  of  iron.    Summer  months,  2  turns. 

Air  preheated  500*  F. 

Average  coal  consumption  1230  lb.  per  ton  of  iron  operating  in  cooler  months  on  3  turns. 
Heating  furnaces : 

Hand-fired,  900  lb.  per  ton  of  iron  reheated. 

Pulverised  coal,  650  lb. 

For  12-inch  rolliDg-milL    Average,  535  lb.  coal  per  gross  ton  steel  for  16-inoh  rolling- 
milL    518  lb.  coal  por  gross  ton  steel. 
ContinuouR  heating  fumaoe : 

Steel  billets  5  inches  by  7  inches  by  14  feet  long. 

Hand-firing,  220  lb.  per  ton. 

Pulverised  coal,  168  lb.  per  ton. 
Bushelling  furnace  for  16-inch  mill: 

Average  542  lb.  coal  per  gross  ton  steeL 
Fagotting  fumaoe  for  16-inch  mill : 

Average  630  lb.  coal  per  gross  ton  steel. 
Medium  forge  fumaoes : 

When  heating  blooms  10  inches  thick  by  18  inches  wide  and  16  feet  long,  the  ooal  con- 
sumption with  hand-firing  was  660  lb.  por  hour,  and  with  pulverised  coal  350  lb.,  and 
at  the  same  time  the  furnaces  gave  a  20  per  cent,  increased  output  when  fired  with 
powdered  ooaL 
Furnace  for  wrought  iron  welding : 

Pipe  skelp  heated  by  means  of  pulverised  ooal  of  14,000  B.tu.  value,  276  to  300  lb.  per 
gross  ton  of  iron  welded. 
Furnace  for  heating  wrought  iron ; 

Muck  bar  piles,  640  to  720  lb.  of  ooal  per  gross  ton  of  bar  produced* 
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Ore  Smeliinff, 

Zinc-oopper  ore  in  roTerberatonr  furoaoes. 

Hand-firing,  40-fiO  tons  of  coal  used  for  smelting  30  tons  of  ore—say  160  per  cent,  fuel 
oonsumption. 

Powdered-coal  firing,  30  tons  of  coal  used  for  smelting  90  tons  of  ore->33^  per  cent,  coal 
oonsamption. 

Saving  116  tons  of  fAel  per  ton  of  ore  smelted. 

CoUoidal  Oil. 

This  fuel  is  a  product  of  the  war,  and  original  experiments 
in  its  manufacture  and  application  having  proved  a  success,  it 
is  quite  likely  that  it  will  find  a  place  amongst  commercial  fuels 
of  the  future. 

Owing  to  the  high  price  and  relative  scarcity  of  oil  supplies^ 
experiments  were  taken  in  hand  by  Mr.  Lindon  W.  Bates,  Chair- 
man of  the  Engineering  Committee  of  the  Submarine  Defence 
Association  of  America,  to  produce  a  satisfactory  substitute  fuel 
which  would  at  all  events  economise  in  the  consumption  of  oil. 

Colloidal  oil,  a  mixture  of  approximately  70  per  cent,  straight 
fuel  oil  and  30  per  cent,  powdered  coal,  having  a  calorific  value 
per  equal  volume  corresponding  to  the  original  oil  used,  has  been 
the  outcome  of  these  experiments. 

The  difficulty  of  maintaining  the  powdered  coal  in  suspension 
has  been  overcome  by  the  incorporation  of  a  certain  fixative 
which  effects  the  combination  of  the  coal  dust  and  oil  to  a  great 
extent  in  a  colloidal  state,  so  that  very  little  free  carbon  is  de* 
posited  by  settlement  when  once  the  colloidal  mixture  has  been 
made. 

Satisfactory  tests  were  carried  out  on  the  U.S.  patrol  ship 
Gem  as  a  parallel  test  to  that  of  using  powdered  coal. 

As  a  fuel  for  metallurgical  work  it  has  possibilities,  for  it  is 
stated  that  opinion  in  America  amongst  steel  melters  is  that 
fuels  for  this  purpose  are  preferred  in  the  following  order : 

Natural  gas. 
Producer-gas, 
Fuel  oil. 
Powdered  coal. 
Tar. 

By  saving  30  per  cent,  of  expensive  fuel  oil  and  replacing 
this  with  powdered  coal  plus  the  fixative  which  maintains  the 
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coal  dust  in  chemical  combination  with  the  oil  and  also  raises 
the  calorific  value  of  the  mixture  to  that  of  the  straight  oil 
used,  considerable  economy  in  freightage  and  tanker  capacity 
will  result. 

The  fuel  can  be  applied  in  the  same  manner  as  for  fuel  oil  and 
without  any  change  of  burners  or  combustion  areas. 
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DISCUSSION. 

Mr.  B.  Talbot,  Member  of  Council,  said  the  paper  frankly  meant 
reverting  to  the  use  of  raw  coal  for  some  of  the  chief  operations  in  the 
manufacture  of  iron  and  steel.  If  what  was  said  by  economic  experts 
was  correct,  raw  coal  would  not  be  allowed  to  be  used  in  the  future, 
because  of  the  by-products  which  would  be  lost  if  any  such  system 
as  that  under  discussion  came  into  general  use.  He  did  not  wish  to 
disparage  such  a  development  as  that  discussed  in  Mr.  Harvey's  paper, 
but  he  thought  the  suggestion  to  revert  to  raw  coal  for  open-hearth 
furnaces  might  in  the  end  prove  a  retrograde  step.  What  was  useful 
and  easy  to  apply  in  the  diversified  operations  ensuing  after  an  ingot 
had  been  made  was  another  matter.  Ordinary  common  steels  were 
made,  practically,  from  the  Uquid  iron  of  the  blast-furnace,  and  that 
being  so,  obviously  coke  was  absolutely  necessary,  and  should  be  the 
only  fuel  used  as  far  as  the  manufacture  of  the  ingot  was  concerned. 
Mr.  Harvey  said  it  was  immaterial  what  the  quality  of  the  coal  might 
be.  If  that  were  true  it  was  about  the  only  exception  to  the  general 
rule  that  he  knew  of.  Unfortunately  coal  was  now  being  supplied 
which  in  pre-war  days  manufacturers  would  not  have  looked  at.  The 
ash  was  beyond  all  reasonable  Umit.  If  that  continued,  many  large 
iron  and  steel  works  would  be  forced  to  put  up  elaborate  washing 
plants.  Whether  the  coal  was  going  to  be  used  in  the  coke-oven,  or 
whether  it  was  going  to  be  used  in  the  gas-producer — which  he  hoped 
it  would  not  be — or  even  if  Mr.  Harvey's  system  was  to  be*  introduced, 
he  (Mr.  Talbot)  believed  that  in  the  end  the  ash  would  have  to  be 
wa^ed  out  unless  the  quality  reverted  to  that  of  pre-war  days.  He 
thought  members  ought  to  thank  their  friends  in  America  for  such  an 
interesting  development.  He  would  like  to  ask  whether  the  system 
was  being  used  in  combined  plants  such  as  Gary,  which,  as  was  known, 
had  large  coke-oven  plants  and  blast-furnaces,  and  was  using  its  surplus 
gas  for  various  operations. 

Mr.  6.  Cahkington,  Hon.  Member  of  Council,  inquired  what  effect 
the  system  described  would  have  on  wrought  iron,  the  product  of 
puddhng,  and  on  the  iron  piles  in  reheating  furnaces.  Those  two 
points  were  most  material.  As  Mr.  Talbot  had  also  pointed  out,  the 
coal  which  was  being  supplied  to-day  would  not  have  been  looked  at 
prior  to  the  war  by  manufacturers,  despite  the  fact  that  they  were 
paying  three  or  four  times  as  much  for  it.  He  feared,  however,  that 
the  quality  would  continue  to  deteriorate.  That  being  so,  the  ash 
from  the  coal  became  a  very  serious  question,  and  if,  as  it  passed  through 
the  furnace — and  he  failed  to  see  how  the  spent  gases  could  pass  through 
the  furnace  without  carrying  some  ash — tiiat  f^  were  dropped  on  ti^e 
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piodact,  lie  would  like  to  know  what  effect  it  would  have,  and  what 
percentage  would  get  generally  mixed  up  with  the  products  of,  say,  a 
reheating  furnace  and  a  puddling  furnace. 

In  the  Midlands  the  ash  was  of  a  heavy  limey  nature,  more  liable 
to  drop  into  the  product,  and  if  mixed  with,  say,  puddled  iron  it  would 
be  very  difficult,  if  not  impossible,  to  slag  it  away,  while  if  it  were  re- 
tained it  would  cause  trouble  and  laminations  in  the  finished  iron. 

Professor  H.  Louis,  Member  of  Council,  asked  whether  it  was 
absolutely  necessary  that  the  coal  should  be  freshly  ground  or  whether 
it  made  any  difference  whether  the  coal  had  been  exposed  to  the  air 
and  to  some  extent  oxidised.  If  it  were  possible  to  use  coal-dust 
which  was  not  freshly  ground,  the  paper  opened  up  very  great  possi- 
bilities from  a  point  of  view  which  the  author  did  not  seem  to  have 
thought  of.  He  referred  to  what  he  might  call  natural  coal-dust. 
Everybody  knew  that  in  coal-mining  more  or  less  dust  was,  unfortu- 
nately, always  made.  He  could  instance  some  South  Wales  mines, 
in  which  the  coal  was  rather  brittle  and  dusty,  where  enormous 
quantities  of  coal-dust  were  made.  He  had  been  in  some  heapsteads 
in  South  Wales  where  he  had  walked  ankle  deep  in  coal-dust.  Coal- 
dust  was  a  deadly  enemy  in  the  pits,  and  all  the  big  colliery  explosions 
had  been  due  to  its  presence.  The  present  method  of  reducing  the 
coal-dust  danger  was  by  stone-dusting — namely,  mixing  stone-dust  with 
the  coal-dust,  and  from  time  to  time  tramming  out  the  mixture.  It 
was  perfectly  possible  by  systems  of  dry  blowing  which  had  been  used 
for  years  on  a  working  scale — he  did  not  mean  experimentally,  but 
year  in  and  year  out,  on  a  big  scale — to  separate  coal-dust  from  stone- 
dust  and  to  get  finely  divided  and  very  pure  coal-dust  exceedingly 
cheaply.  Obviously  if  it  were  possible  to  use  such  coal-dust  in  the 
way  indicated  by  the  author,  it  opened  up  a  very  interesting  vista  to 
the  coal-miner.  It  showed  him  the  possibility  of  utilising  economically 
and  turning  into  money  that  which  hitherto  had  been  at  its  best  a 
very  great  nuisance,  and  at  its  worst  the  deadliest  source  of  danger 
against  which  the  coal-miner  had  to  fight.  If  the  author  could  show 
how  to  make  that  into  a  commercial  proposition,  he  would  have  done 
a  very  great  deal,  not  only  from  the  economic  point  of  view,  but  from 
the  point  of  view  which  he  (Professor  Louis),  like  many  others,  looked 
upon  as  the  most  important  in  coal-mining,  namely  the  saving  of  the 
miners'  lives. 

Mr.  H.  M.  RiDOB  (London)  said  the  subject  was  an  extremely  interest* 
ing  one,  and  one  which  he  firmly  believed  might  lead  to  appreciable 
economies  in  fuel  consumption  both  in  smelting  steel  and  non-ferrous 
metals ;  but  he  wished  to  emphasise  the  absolute  necessity,  already 
mentioned,  of  eliminating  the  impurities  in  the  coal-dust  to  be  used 
for  firing.  Heating  efficiency  curves  showed  extraordinary  results 
when  comparing  fuel  of  different  composition  and  the  flame  temperature 
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was  rapidly  reduced  with  increasing  ash  content.  As  an  example 
he  would  mention  the  use  of  non-combustible  dust  by  the  coal-miner 
as  a  means  of  preventing  the  spread  of  a  colliery  explosion.  Using 
powdered  coal  very  high  in  ash  was  really  doing  something  similar ; 
the  ash  reduces  the  temperature,  reduces  efficiency,  and  in  an  extreme 
case  could  extinguish  the  flame ;  at  the  same  time  it  added  an  un- 
desirable impurity  which  not  only  affected  the  composition  of  the 
product  from  the  furnace,  but  which  was  also  going  seriously  to  affect 
the  life  of  the  refractories  used.  That  was  an  aspect  which  had  to 
be  considered.  On  the  Continent  there  were  huge  coal  washeries 
laid  out  on  an  elaborate  scale.  If  powdered  coal  were  to  be  used,  and 
if  the  coal  were  to  be  supplied  to  the  smelting  works  as  high  in  ash, 
as  was  being  done  to-day  and  as  had  been  done  during  the  war,  it  would 
necessitate  further  steps  being  taken  at  enormous  expense,  because  the 
user  would  have  to  separate  the  ash.  Doing  that,  during  combustion, 
in  a  furnace  was  most  wasteful. 

Mr.  J.  H.  Harrison,  Hon.  Member  of  Council,  asked  whether  the 
Report  referred  to  in  the  paper  had  been  published,  as  he  had  been 
unable. to  get  a  copy.^  The  paper  was  most  valuable  and  was  also 
new,  and  although  he  agreed  with  Mr.  Talbot  that  it  might  be  a  retro- 
grade step  in  one  sense,  there  were  many  works  where  the  process 
described  could  be  made  valuable  use  of,  and  where  there  were  no 
blast-furnaces  in  connection  wiih  the  steelworks  or  ironworks.  The 
utilisation  of  coal  which  was  in  other  respects  of  very  little  value,  in 
the  way  suggested,  might  very  weU  have  important  advantages. 

Dr.  W.  H.  Hatfield  (Sheffield)  said  several  speakers  had  suggested 
that  the  method  was  new ;  but  he  was  over  in  the  States  in  1908  and 
was  impressed  by  the  apparent  efficiency  of  reheating  and  annealing 
furnaces  worked  on  the  plan  described.  The  powdered  coal  seemed 
to  be  quite  successful.  Of  course  there  was  the  cost  of  the  prepara- 
tion of  the  coal  to  place  against  the  25  per  cent,  loss  of  energy  on 
conversion  of  the  coal  to  gas,  and  there  was  also  the  question  of  the 
interference  of  the  ashes  in  metallurgical  processes.  Personally  he 
had  not  had  the  opportunity  of  comparing  practically  the  two  processes, 
but  he  would  suggest  that  as  eleven  years  had  elapsed  since  1908, 
when  the  process  was  in  commercial  operation  in  the  United  States, 
it  would  be  extremely  instructive  and  very  much  to  the  point  if  the 
i^uthor  could  give  the  extent  of  the  commercial  application,  the  number 
of  plants  and  furnaces  where  the  system  had  been  taken  up,  and  show 
the  gradual  increments  in  plant  in  any  particular  line*  Members 
would  thus  obtain  an  actual  practical  demonstration  of  what  had 

^  The  Report  in  question  was  issued  the  day  the  above  discussion  was  held.    It  is 

Sublished  for  the  Department  of  Soientifio  and  Industrial  Research  by  His  Majesty's 
tationeiy  Office,  the  price  being  28.  6d. 
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been  found  to  be  economical.    If  some  practical  information  of  that 
kind  could  be  given  it  wodd  be  very  valuable. 

Mr.  H.  H.  Hates  (Birmingham)  asked  whether  powdered  coal 
would  be  applicable  to  the  ordinary  annealing  furnaces  in  the  non- 
ferrous  metal  industry.  Such  furnaces  were  about  30  to  40  feet  long 
and  10  to  20  feet  wide,  with  a  honeycombed  arch.  It  seemed  to  him 
that  the  application  of  powdered  coal  would  enable  temperatures 
to  be  controUed  more  easily  than  with  ordinary  hand-fired  coal. 

Mr.  F.  W.  Harbord,  C.B.E.,  Member  of  Council,  thought  every- 
one would  agree  with  Mr.  Talbot  that  in  any  modem  well-balanced 
plant,  the  ideal  thing  was  not  only  to  generate  all  the  power  required 
from  gas,  but  also  to  do  all  the  heating  required,  either  from  the  blast- 
furnaces or  from  the  coke-oven  gases;  but  to-day  the  majority 
of  plants  were  not  so  balanced,  and  many  works  had  no  blast-furnace 
or  coke-oven  plants,  and  consequently  it  was  a  question  of  gas-producers 
versits  some  other  method  of  heating  the  furnace.  There  could  be 
no  question  that,  assuming  the  heat  of  the  coal  could  be  generated 
by  the  direct  combustion  of  coal-dust  where  it  was  wanted,  it  would 
be  much  more  economical  than  producing  gas  in  a  gas-producer, 
where  a  large  quantity  of  fuel  was  used  in  converting  it  into  gas,  and 
then  utilising  the  gas  in  the  furnaces.  The  efficiency  of  the  method 
described,  therefore,  was  to  be  compared,  not  with  a  plant  where 
there  were  available .  supplies  of  gas,  but  with  a  similar  plant  which 
tad  to  rely  on  gas-producers.  It  was  well  known  that  in  cement 
burning  it  was  much  more  efficient  to  use  coal-dust  than  gas,  and  coal- 
dust  had  been  used  for  that  purpose  for  years.  Mr.  Harvey  spoke 
about  the  screw  feed.  His  (Mr.  Harbord's)  own  experience  was  that 
unless  a  screw  feed  was  fed  practically  at  about  half  its  capacity, 
there  was  a  great  danger  of  the  fuel  jamming.  Had  any  difficulty 
of  that  kind  been  experienced  ?  It  was  a  very  important  matter, 
because  if  the  feed  was  not  maintained  regularly  the  heating  results 
would  be  irregular.  With  regard  to  slag,  he  did  not  beUeve  for  a 
moment  that  it  was  possible  to  use  impure  coal  to  do  efficient  work 
in  the  open-hearth  furnace.  If  a  high  ash  coal  could  be  used,  it  would 
give  a  low  efficiency  and  there  would  be  great  difficulties  with  the 
slag ;  the  ash  would  either  go  into  the  slag  bath  or  into  the  checkers 
or  into  the  flues,  and  in  either  case  it  woidd  lead  to  serious  trouble. 

Mr.  J.  E.  Fletcheb  (Dudley)  wished  to  call  attention  to  the  use 
of  powdered  fuel  in  puddling  furnaces.  Dr.  Hatfield  had  already 
mentioned  that  the  proposal  was  scarcely  a  new  one.  Considering  the 
difficulty  that  was  being  found  to-day  with  labour  in  puddling,  many 
people  were  looking  forward  to  mechanical  puddling  again,  and  he 
remembered  that  a  good  many  years  ago  Crampton  used  powdered 
fuel  in  a  mechanical  puddling  furnace.    On  Fig.  26  in  the  paper  three 
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diagrams  were  given  which  were  very  enlightening,  as  they  pointed 
to  the  possible  elasticity  of  the  method  in  a  puddling  furnace,  and 
showed  that  the  atmosphere  coiild  be  controlled,  which  was  a  very 
vital  question  in  getting  high  yield.  Was  the  use  of  powdered  fuel  in 
puddling  in  America  really  general,  and  if  so  was  it  uniformly  success- 
ful ?  ijiother  point  raised  was  in  connection  with  the  impurity  of 
the  coal  used  for  the  method.  There  were  various  fuels  used,  especially 
in  the  Black  Country,  where  there  was  very  often  fuel  which  was  high 
in  limey  ash.  In  such  cases  considerable  inefficiency  might  arise 
through  temperature  inefficiency  due  to  a  high  ash  containing  large 
percentages  of  lime  (as  carbonate). 

Sir  William  Beardmore,  Bart.,  Past-President,  thought  there 
were  many  arguments  both  in  favour  and  against  adopting  the  process. 
Some  months  ago  he  had  a  considerable  amount  of  data  put  before 
him,  collected  by  one  or  two  firms  in  America  who  had  been  using  the 
process  for  the  last  three  or  four  years,  and  he  became  so  interested  in 
the  information  given  him  that  he  decided  to  put  down  an  experimental 
plant  and  test  the  process  at  his  works  in  Scotland.  That  plant  was 
now  being  built  and  he  hoped  would  be  at  work  in  the  next  two  or  three 
months.  When  he  had  the  results  of  the  experiments  he  would  be 
very  pleased  to  place  them  at  the  disposal  of  the  members  of  the 
Institute. 

Mr.  W.  Savaoe  (Crewe)  asked  the  author  whether  he  could  give 
the  relative  cost  of  using  coal-dust  as  against  the  cost  of  gas-making. 

Mr.  E.  B.  Christmas  (Sheffield)  said  that,  being  greatly  interested 
in  the  subject,  he  had  taken  the  opportunity  of  writing  to  America 
to  a  firm  that  was  not  interested  in  the  question  of  what  fuel  was  used, 
and  the  reply  was  as  follows  : 

"  We  would  advise  that  a  great  deal  of  time  and  money  has  been 
expended  in  this  country  in  an  effort  to  make  pulverised  coal  a  success- 
ful fuel  for  open-hearth  steel  furnaces.  It  is  used  with  satisfactory 
results  in  rotary  cement  kilns  and  for  a  few  other  special  purposes, 
but  the  consensus  of  opinion  amongst  steelwork  operators  is  that  it 
cannot  be  successfully  appUed  to  regenerative  furnaces,  and  in  almost 
every  case  where  it  has  been  attempted  the  installation  has  been 
abandoned.  You  cannot  use  checkers  in  regenerators,  as  they  clog 
up  at  once  with  the  ash,  and  not  enough  heat  surface  can  be  secured 
from  brick  pillars  or  piers  built  in  the  chambers.  The  only  fuels  that 
are  successfully  competing  with  producer-gas  are  natural  gas,  oil, 
coke-oven  gas,  and  tar.  The  price  of  oil  is  so  variable  that  no  plant 
is  certain  that  they  can  afford  to  use  it  for  any  considerable  period. 
Coke-oven  gas  and  tar  are  ideal  when  available,  but  usually  this  fuel 
can  be  used  to  better  advantage  in  heating  furnaces  around  a  steel 
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mill,  with  the  result  that  there  is  seldom  enough  left  for  the  open-hearth 
furnaces." 

There  was  another  point  that  did  not  seem  to  have  struck  previous 
speakers.  If  the  fuel  could  be  carried  with  a  few  inches  of  water 
pressure  to  the  furnace,  how  could  it  be  stopped  from  getting  into  the 
furnace  ?  Here  was  a  fuel  which  was  ground  so  finely  that  it  had 
become  so  light  that  it  could  be  easily  carried  through  small  diameter 
pipes,  and  therefore  around  bends  in  those  pipes  under  an  exceedingly 
low  pressure.  The  fuel,  and  therefore  the  ash  in  that  fuel,  was  so 
light  that  it  would  not  drop,  or  stop,  in  such  small  diameter  tubing 
but  would  continue  on  its  way  until  it  reached  the  burners  at  the 
furnace.  Any  furnace  to  work  successfully  would  have  to  have  a 
suction  from  its  stack  apparently  much  greater  than  the  pressure 
required  to  deliver  the  fuel  to  the  burners.  How  then  could  such  light 
fuel  be  prevented  from  entering  the  furnace  simply  by  letting  it  first 
enter  some  chamber  comprising  baffle  walls.  Why  should  it  not 
continue  on  its  way,  sucked  in  by  the  stack  ? 

Some  of  the  dust  would  fall  into  the  dust  pocket  owing  to  the  change 
in  direction  caused  by  the  baffle  walls,  but  as  far  as  he  (Mr.  Christmas) 
could  see  a  lot  of  the  dust,  or  ash,  would  continue  onward  into  the 
furnace  and  then  either  mix  with  the  material  in  the  furnace,  or  be 
oaught  in  the  flues,  or  in  the  regenerators  on  the  exit  side  of  the  furnace, 
or  be  spread  about  the  locality  in  the  form  of  a  light  powder  from  the 
top  of  the  stack.  If  the  latter  result  took  place,  a  firm  which  employed 
the  method  extensively,  and  therefore  used  thousands  of  tons  of  coal 
per  annum,  would  become  a  nuisance  to  their  neighbours,  or  would,  at 
least,  cover  everything  in  their  own  works  with  dust. 

Mr.  A.  Hutchinson  (Saltbum-by-the-Sea)  said  Mr.  Talbot  had 
practically  covered  the  lines  of  any  criticism  he  could  make ;  but  he 
was  strongly  of  opinion  that  if  the  coal  could  be  successfully  washed 
at  a  works  consisting  of  a  combined  blast-furnace  and  steel  plant,  and  if, 
from  that  coal,  any  coke-oven  by-products  could  be  obtained  and  the 
residual  gas  used  for  the  operation  of  the  plant,  it  would  be  the  most 
economical  use  of  the  fuel.  It  seemed  to  him  that  to  go  back  to  the 
consumption  of  the  whole  of  the  fuel  in  a  powdered  state  would  be 
a  retrograde  step.  He  coiild  understand  that  at  works  to  which  no 
blast-furnaces  were  attached,  there  might  be  certain  applications  in 
which  powdered  fuel  might  be  of  great  advantage ;  but  he  thought 
a  condition  was  being  arrived  at  when  everjrthing  would  have  to  be 
brought  together  as  nearly  as  possible,  and  the  steel  furnaces  would 
be  where  the  blast-furnaces  were.  Besides  that,  manufacturers  might 
be  compelled  to  get  out  all  the  products  before  they  were  allowed  to 
use.  the  coal  in  the  way  that  had  been  suggested. 

Mr.  L.  C.  Harvey  (London),  in  reply,  said  the  answer  to  the  question 
of  whether  coal  should  be  used  at  all  in  powdered  form  did  not  lie 
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with  him  or  with  people  who  were  advocating  powdered  coal  plants, 
but  it  certainly  would  be  very  many  years  before  the  national  superr 
power  generating  stations,  in  which  was  going  to  be  incorporated  a 
low  temperature  distillation  of  fuel,  covered  the  whole  country.  When 
it  was  possible  to  make  use  of  all  the  by-products  of  fuel  and  obtain 
the  gas  and  convert  the  power  into  electricity,  it  might  be  possible 
to  prohibit  the  burning  of  fuel  directly  in  a  furnace;  but  that 
time,  he  thought,  was  a  long  way  o£E,  and  in  the  meantime  there 
was  a  prospect  of  saving  up  to  60  per  cent,  in  fuel  consumption  in 
many  of  the  metallurgical  furnaces,  especially  puddling  furnaces. 
In  America  there  were  a  number  of  powdered-coal  fired  puddling 
furnaces — he  knew  of  thirty  in  one  installation — and  when  he  was 
over  there  the  previous  year  there  was  a  project  for  equipping  eighty 
puddling  furnaces  in  one  shop  ;  but  the  process  was  held  up  for  twelve 
months  or  more  pending  the  result  of  investigations  into  a  new  process 
of  mechanical  puddling.  The  question  was  thoroughly  considered, 
and  ultimately  it  was  decided  that  mechanical  puddling  could  not  yet 
be  successfully  accomplished,  and  that  being  so  the  firm  was  ready 
to  go  ahead  with  applying  powdered  coal  to  the  works.  The  overall 
annual  saving  in  money,  in  fuel,  and  in  extra  output  of  the  furnaces, 
meant  something  like  £60,000  or  £80,000.  Much  of  the  information 
required  to  answer  questions  raised  by  speakers  was  contained  in  his 
special  report  to  the  Fuel  Research  Board.  There  were  many  pages 
deaUng  with  results  and  practice  in  the  metallurgical  industry,  and  actual 
opinions  of  users  were  given.  Each  subject  was  fully  treated  therein, 
and  taking  for  instance  the  question  of  open>hearth  steel  smelting 
furnaces,  the  Report  started  with  the  "  Advantages  Claimed,"  "  Range 
of  Fuels  Available,"  and  "Disposal  of  Ash  and  Slag."  After  that 
came  the  opinions  of  users.  Referring  to  puddling  furnaces  and  the 
advantages  claimed,  the  Report  stated  :  "  Pulverised  coal  has  intro- 
duced a  method  of  heating  by  which  the  puddled  iron  can  be  worked 
up  by  the  puddler  with  uniformity  and  speed,  the  output  of  furnaces 
being  a  maximum  when  compared  with  any  other  method  of  firing 
that  has  been  tried  out  in  some  of  the  American  works.**  On  the 
question  of  the  disposal  of  the  ash  and  slag  the  Report  stated  :  "  From 
60  per  cent,  to  70  per  cent,  of  the  ash  contained  in  the  coal  should 
be  thrown  down  in  a  semi-  or  completely  fused  state  in  the  combustion 
chamber,  arranged  in  a  manner  similar  to  that  in  piling  furnaces." 
Each  puddling  furnace  had  a  free  combustion  chamber  in  which  most 
of  the  ash  would  be  collected,  and  probably  there  would  not  be  more 
than  10  per  cent,  of  the  total  quantity  of  ash  actually  deposited  on 
the  surface  of  the  metal  in  any  furnace.  Ash  that  was  not  fused  in 
the  combustion  chambers  was  in  such  a  fine  state  that  it  passed  right 
through  the  furnaces,  and,  in  open-hearth  furnaces,  into  the  checkers, 
and  that  was  the  reason  why  open-hearth  furnaces,  of  which  he  gave  a 
diagram,  should  be  fitted  with  removable  slag  bogies  below  the  down 
take  flues.    That  was  a  design  of  furnace  that  was  now  recommended 
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It  was  preferable  to  design  an  open-hearth  furnace  for  use  with  powdered 
coal,  for  adequate  provision  could  then  be  made  for  collection  of  the 
ash ;  but  if  an  existing  gas-fired  open-hearth  furnace  having  small 
passages  through  the  checkers  was  going  to  be  converted,  then  the 
troubles  which  had  been  experienced  in  America  would  be  repeated 
in  this  country.  In  such  instances  the  first  few  courses  of  the  checker 
work  would  become  clogged  up  with  ash  and  would  have  to  be  cleaned 
out,  and  probably  renewed  after  some  200  heats.  The  particular 
furnace  illustrated,  fitted  with  removable  ash  bogies,  could  be  run  for 
300  to  400  heats  before  it  became  necessary  to  clear  out  the  checkers. 
It  was  hoped  that  500  to  600  heats  would  be  obtained,  which  would 
then  equal  average  practice  for  producer-gas  firing.  In  that  way  the 
trouble  with  ash  deposit  in  open-hearth  furnaces  could  be  overcome. 
Any  grade  of  carbonaceous  fuel  could  be  pulverised  and  burned. 
Whether  it  was  going  to  pay  to  use  a  coal  containing  30  per  cent,  of 
ash  depended  upon  what  other  fuel  could  be  obtained  of  a  higher 
grade.  It  was  naturally  uneconomical  to  pulverise  30  per  cent,  of 
inert  material  because  of  the  power  that  was  going  to  be  used  in  doing 
useless  work ;  but  where  low  grade  fuels  existed  and  it  was  difficult 
to  obtain  supplies  of  better  quality  coal,  it  was  certainly  the  best 
way  to  make  use  of  otherwise  useless  material.  Brazil  had  been  run- 
ning powdered  coal  locomotives  for  nearly  two  years,  and  prior  to 
the  application  it  was  necessary  to  import  either  British  or  American 
coal  for  use  on  the  railways.  In  Brazil  they  had  large  deposits 
of  inferior  coal  which  they  had  never  been  able  to  use  on  either 
hand-fired  grates  or  mechanical  stokers,  but  were  now  getting 
excellent  results  from  in  the  powdered  form.  If  statements  he  received 
from  America  were  correct,  they  were  going  to  run  250  engines 
using  powdered  local  fuel  on  the  Brazil  railways,  which  meant  that 
they  were  going  to  use  their  natural  resources  instead  of  having  to 
import  expensive  coal  from  England  or  from  America.  In  Sweden 
also  they  were  now  running  locomotives  on  a  mixture  of  pulverised 
peat  and  bituminous  coal.  During  the  last  two  months  anthracite  culm, 
which  contained  only  3  per  cent,  or  4  per  cent,  of  volatile  constituents, 
had  been  most  successfully  used  under  stationary  boilers  in  America. 
Anthracite  culms  were  washings  at  the  anthracite  mines,  and  up  to 
now  had  been  tipped  back  into  the  mines.  They  were  about  the  lowest 
grade  of  fuel  that  could  possibly  be  used.  He  could  give  particulars 
of  boiler  tests  that  had  been  made  with  straight  anthracite  culm,  not 
even  requiring  the  addition  of  bituminous  coa].  In  the  Report  he  had 
referred  to  the  various  American  systems  which  he  had  investigated, 
the  various  works  he  had  visited,  and  several  pages  were  devoted  to 
results  obtained  on  actual  installations  of  furnaces  for  different 
processes. 

Mr.  Caerington  asked  what  was  the  quality  of  the  puddled  iron 
produced. 
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Mr.  Harvey  said  he  could  not  speak  about  the  quality  of  iron 
made,  but  Messrs.  A.  M.  Beyers  &  Co.,  who  rightly  claimed  to  be  the 
makers  of  the  highest  grade  of  iron  piping  in  America,  melted  and 
reheated  their  iron  in  powdered-coal  fired  f unaces  and  were  satisfied 
with  the  results.  They  even  used  it  for  welding  their  wrought  iron  pipe 
skelp.  That  would  indicate  that  there  was  no  difficulty  experienced 
from  ash  deposited  on  the  billets,  blooms,  or  skelp  that  had  to  be  roUed 
or  even  welded. 

Mr.  Carrington  said  it  was  well  known  that  the  quality  of  material 
necessary  for  iron  piping  was  altogether  inferior  to  that  which  was 
required  for  the  ordinary  iron  bar  in  general  use. 


COBBESPONDENCE. 


B.  Yaneske  (Sheffield)  wrote  that  the  use  of  powdered  coal  as 
the  source  of  heat  for  reheating,  annealing,  puddling,  or  malleable 
iron  furnaces  was  certainly  economical  if  the  ash  deposit  could  be 
successfully  dealt  with,  for  in  addition  to  effecting  a  saving  in  the 
amount  of  fuel  required,  metal  loss  or  scaling  in  reheating  furnaces 
was  considerably  reduced,  and  the  burning  out  of  carbon  and  silicon 
in  malleable  iron  furnaces  was  almost  avoided  owing  to  the  small 
amount  of  excess  air  used  for  combustion. 

When  the  application  of  powdered  coal  to  the  acid  open-hearth 
furnace  was  considered,  however,  it  seemed  to  him  that  less  oxidation 
of  the  elements  to  be  removed  from  the  charge  would  be  effected  by 
the  flame  during  both  melting  and  oreing  periods  than  with  producer- 
gas.  As  the  removal  of  carbon  by  gas  oxidation  amounted  to  about 
50  per  cent,  in  ordinary  practice  using  producer-gas,  a  considerably 
longer  time  would  therefore  be  taken  in  working  the  charge  if 
powdered  coal  were  used,  and  much  more  iron  ore  would  be  required. 

The  carbon  in  the  ash  which  would  come  in  contact  with  the 
dag  would  also  cause  the  gradual  reduction  of  FeO  from  the  slag, 
and  the  removal  of  FeO  would  be  accelerated  by  the  action  of  CaO 
if  the  fuel  was  high  in  limey  ash.  In  that  way  a  very  thick  siliceous 
slag  would  result  and  the  process  be  further  retarded. 

If  that  were  borne  out  in  practice  the  saving  in  fuel  by  the  use  of 
powdered  coal  would  be  more  than  counterbalanced  by  the  lengthening 
of  the  process,  and  it  would  perhaps  be  advisable  under  those  circum- 
stances to  work  with  a  much  higher  percentage  of  scrap  with  a  powdered 
coal  flame  than  in  ordinary  practice. 

The  control  of  the  flame  by  a  nozzle  with  swivel  joints  was  certainly 
beneficial,  as  there  was  less  likelihood  of  the  flame  being  diverted  on 
to  the  roof  or  side  walls  of  the  furnace  as  there  was  owing  to  the  wear 
of  gas  ports. 
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There  was  much  difficulty  in  procuring  coals  with  consistently 
low  sulphur  and  ash  contents  together  with  high  volatile  content, 
and  it  was  very  doubtful  whether  the  checkers  would  last  anything 
like  as  long  as  with  producer-gas  on  account  of  ash  deposit,  even  with 
removable  ash  bogies  arranged  below  the  down-take  flues. 

There  was  no  doubt  that  the  use  of  powdered  coal  would  be  more 
successful  when  applied  to  a  furnace  of  the  non-reversing  t3rpe  where 
regenerators  were  dispensed  with  (as  Fig.  22,  p.  52),  that  was,  if  a 
si&ciently  high  temperature  could  be  maintained. 

Mr.  Harvey,  in  further  reply  to  Mr.  Talbot,  wrote  that  the  question 
of  high  ash  content  of  coal  as  purchased  under  present-day  conditions 
reacted  on  the  successful  operation  of  gas-producers,  but  could  be  dealt 
with  more  readily  when  fuel  was  burned  in  pulverised  form.  Low- 
grade  fuels  could  be  readily  handled  in  that  manner,  and  that  might 
often  remove  difficulties  now  experienced  on  account  of  the  increasing 
quantity  of  inert  material  bought  as  fuel.  The  standard  of  quahty  of 
high-class  fuel  was  bound,  however,  in  time  to  revert  to  the  pre-war 
standard. 

Perhaps  tar  was  looked  upon  with  most  favour  in  America  as  a 
fuel  for  open-hearth  steel  melting,  and  certainly  when  coke-oven  gas 
was  available  powdered  coal  would  not  be  considered.  At  Gary  the 
erection  of  several  hundred  coke-ovens  meant  the  shutting  down  of 
the  existing  powdered  coal  plant. 

In  reply  to  Mr.  Carrington,  he  might  point  out  thftt  the  faciUties 
provided  for  the  collection  of  ash  were  described  in  the  Report.  In 
puddling  and  piling  furnaces  no  trouble  whatever  was  experienced  by 
reason  of  fused  ash  settlement  on  the  metal.  Most  of  the  liquid  ash 
dropped  oS  the  pile  before  reaching  the  rolls,  and  that  remaining 
flaked  away  during  the  first  pass,  and  did  not  roll  into  the  metal.  In 
the  puddling  operation  no  ash  would  be  found  in  the  ball. 

In  regard  to  Professor  Louis'  remarks,  freshly  ground  coal  would, 
by  reason  of  the  bright  unoxidised  surfaces  exposed,  ingite  more  readily 
than  ''  stale  "  coal-dust,  or  dust  that  had  once  been  mixed  with  air 
and  re-separated  out.  Mine-dust  could,  however,  be  burned  quite 
readily  if  passed  through  a  mill  to  produce  uniform  fineness,  during 
which  operation  much  new  unoxidised  surface  would  be  exposed.  The 
system  suggested  that  small  coal  and  dust  now  left  in  the  mine,  to  the 
detriment  of  health  and  life,  should  be  brought  to  the  surface.  Much 
of  the  fine  dust  prevailing  in  the  workings  would  thus  be  removed  and 
risk  of  explosion  diminished.  Such  reclaimed  dust  could  well  be  used 
under  the  power-house  boilers  or  in  the  vicinity  of  the  colliery. 

To  Mr.  Ridge,  he  would  point  out  that  heat  efficiency  curves  for 
ordinary  methods  of  burning  fuel  on  grates  would  show  a  greater 
falling  off  due  to  ash  than  curves  taken  on  powdered-coal  fired  furnaces. 
In  the  latter  case  the  particles  of  combined  fuel  and  ash  were  so  minute 
that  the  full  value  of  the  carbon  and  volatile  constituents  was  obtained 
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by  instantaneous  disassociation  from  tlie  inert  material  which  fell 
into  the  ash  collecting  chamber.  In  that  way  better  value  could  be 
obtained  from  high  ash  fuels  than  by  any  other  means,  such  as  hand- 
firing,  stoker-firing,  or  gas-producers.  It  was  more  than  probable  that 
coal-washing  plants  would  return  good  value  for  capital  expended  in 
many  cases,  whether  or  not  the  fuel  was  to  be  used  ultimately  in 
powdered  form. 

In  reply  to  Mr.  Harrison,  he  (Mr.  Harvey)  did  not  intend  to  suggest 
that  powdered  coal  could  be  applied  for  all  heat  generation  purposes. 
There  were  applications  quite  unsuited  to  that  system,  but  American 
engineers  had  clearly  demonstrated  the  intrinsic  value  of  powdered 
fuel  for  many  uses. 

He  had  not  intended  to  suggest  that  powdered-coal  firing  was  a  new 
process.  So  far  as  Dr.  Hatfield's  remarks  were  concerned,  a  powdered- 
coal  plant  was  put  down  at  the  works  of  the  American  Iron  and 
Steel  Company  at  Lebanon  in  1903,  and  had  been  in  continuous  use 
since  that  year.  Other  instances  existed  of  plants  which  had  been  in 
operation  for  many  years,  but  it  was  only  since  1913  that  the  several 
systems  had  been  seriously  developed.  The  extent  to  which  the 
system  had  been  applied  could  be  gatiiered  from  reference  to  pp.  53-^ 
of  the  Report,  whereon  a  record  was  given  of  plants  so  equipped  to 
date.  The  order  of  importance  for  the  successful  and  remunerative 
application  of  powdered  coal  would  be  somewhat  as  follows : 


ApplicaJtiona  Proved  or  about  which  sufficient  is  known  to 
ensure  Success. 

Cement  Burning  Ealns. 

Lime  Burning  and  Analogous  Processes. 

Iron  Ore  Nodulising  Kilns. 

Annealing  Furnaces. 

Puddling  Furnaces. 

Copper  Reverberatory  Furnaces. 

All  classes  of  Steel  Billet  Reheating  Furnaces  of  medium  and 

large  size. 
Steam- Boiler  Installations. 
Waste-Heat  Boiler  Firing. 
Piling  and  Bushelling  Furnaces. 
Heavy  Forge  Furnaces. 
Sheet  and  Pair  Furnaces. 
Railway  Locomotives. 
Soakm^  Pits. 
Oalvanising  and  Tinning  Kettles. 

The  application  to  open-hearth  steel  melting  was  only  an  unqualified 
success  when  furnaces  could  be  built  in  accordance  with  latest  practice. 
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AppUccUions  Involving  some  Doubt  and  Careful  Consideration. 

Light  Forge  Furnaces. 
Bolt  and  Nut  Furnaces. 
Rivet-Heating  Furnaces. 
Domestic  and  Office  Heating  Boilers. 

Applications  requiring  Further  Development. 

Marine  Propulsion. 

Internal  Combustion  Engines. 

Application  to  Blast-Furnaces. 

In  reply  to  Mr.  Hayes,  certainly  powdered  coal  could  well  be 
applied  to  any  type  of  annealing  furnace  for  high  or  low  temperature 
annealing,  with  absence  of  temperature  fluctuation,  providing  the 
furnaces  were  of  sufficient  size.  Those  indicated  should  be  quite 
suitable. 

Powdered  fuel  was,  he  might  inform  Mr.  Fletcher,  now  applied  to 
perhaps  150  puddUng  furnaces  in  America,  and  the  practice  was  extend- 
ing. That  was  the  appUcation  looked  upon  as  being  the  most  successful. 
The  grade  of  fuel  would  not  militate  against  the  smooth  working  of 
the  furnace  and  would  have  Uttle  effect  upon  the  product. 

It  was  gratifying  to  him  to  learn  that  an  engineer  of  such  high  stand- 
ing afi  Sir  WiUiam  Beardmore  had  obtained  data  from  America  which 
had  influenced  him  to  the  extent  of  trying  out  powdered-coal  firing  in 
his  own  works.  The  "  start  "  was  the  most  difficult  thing  to  adiieve 
despite  convincing  proof  from  numerous  users. 

He  hoped  to  be  able  to  give  Mr.  Savage  the  cost  of  powdered  coal 
as  against  producer-gas  practice  in  a  separate  technical  article  when 
he  had  had  the  opportunity  of  collecting  reliable  and  up-to-date  costs 
for  the  latter.  In  America  both  first  cost  of  installation  and  running 
costs  were  in  favour  of  the  powdered-coal  plant  for  certain  duties. 
Present-day  prices  for  machinery  and  steel  work  might  perhaps  reverse 
that  situation  in  England. 

The  written  information  read  by  Mr.  Christmas  was  generally 
correct,  in  so  far  as  his  remarks  appUed  to  open-hearth  work  and  to 
furnaces  fitted  with  close  built  regenerators,  but  quite  sufficient  heating 
surface  was  exposed  in  regenerators  of  the  open  cell,  baffle,  or  pillar 
description  (vide  the  successful  open-hearth  plant  worked  by  the 
National  Malleable  Company  at  Melrose  Park,  near  Chicago). 

An  equivalent  degree  of  regeneration  was  not  possible  by  that  means, 
but  sufficient  preheating  of  the  air  supply  for  use  with  powdered  coal 
could  undoubtedly  be  effected  in  that  manner.  He  could  not  grasp 
the  meaning  of  Mr.  Christmas'  remarks  regarding  fuel  introduction 
into  the  furnace  or  ash  disposal,  but  he  would  be  pleased  to  give  any 
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information  required  on  that  subject  by  letter.  Less  than  2  per  cent, 
of  the  ash  content  of  the  coal  would  be  emitted  at  the  top  of  the  stack, 
and  in  such  a  degree  of  fineness  that  it  would  represent  no  greater 
nuisance  than  soot  deposit  in  the  neighbourhood. 

He  agreed  with  Mr.  Hutchinson  in  regard  to  powdered  coal  for 
steel-melting  furnaces,  but  as  would  be  inferred  from  data  contained 
in  the  paper  and  the  discussion  thereon  there  was  still  room  for  effecting 
economies  in  many  directions  by  using  coals  in  powdered  form. 

The  relative  essential  merits  of  gas-producers  and  powdered-coal 
plants  had  been  reviewed  by  Mr.  Harbord,  and  it  was  a  question  for 
the  works  engineer  to  weigh  up  the  capital  cost  of  either  system  in 
relation  to  the  fuels  that  could  be  purchased  locally  and  handled  by 
either  method.  Feed  screw  apparatus  was  rarely  worked  up  to  its 
maximum  limit  for  the  reasons  explained  by  Mr.  Harbord,  and  an 
ample  margin  was  always  allowed  in  order  to  prevent  "  packing." 
All  advocates  of  powdered  coal  for  open-hearth  steel  melting  agreed 
that  the  best  results  could  only  be  obtained  when  the  best  class  of  fuel 
was  purchased ;  certainly  a  limit  of  6  or  8  per  cent,  ash  content  was 
advisable. 

In  the  first  paragraph  of  Mr.  Taneske's  remarks  the  chief  advantages 
of  powdered-coal  firing  were  clearly  stated.  In  America  applications 
had  generally  been  made  on  basic  steel  furnaces  for,  on  account  of  the 
effect  of  fused  ash  on  acid  steel,  that  method  of  heating  had  been  found 
more  or  less  impractical.  So  long  as  ash  and  sulphur  were  controlled 
to  reasonable  limits,  the  volatile  constituents  of  the  fuel  need  not  be 
high — 10  to  15  per  cent.  V.C.  would  be  quite  sufl&cient  to  maintain 
the  intensity  of  the  flame  when  fuel  was  burned  in  the  quantities 
required  for  steel  melting. 
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THE  WORK  OF  THE  ENGINEERING  DIVISION 
OF  THE  NATIONAL  RESEARCH  COUNCIL, 
WASHINGTON,  U.S.A. 

By  henry  M.  HOWE,  LL.D.  (Hon.  Vick-Febsidbnt)/ 
Ohaibman  of  TflE  Division. 

The  National  Besearch  Council  of  the  United  States  is  an  Institu- 
tion not  for  executing  but  for  stimulating  scientific  and  technical 
research,  and  to  this  end  it  aims  to  become  an  affiliation  of  the 
scientific  and  research  interests  of  our  country,  as  I  will  shortly 
explain.  It  derives  its  authoritativeness  from  being  a  Committee 
of  the  National  Academy  of  Sciences,  a  body  created  by  Govern- 
mental Charter  and  in  general  corresponding  to  your  Eoyal 
Society.  It  is  in  effect  self-directing  and  free  from  bureaucratic 
control. 

The  Council  is  composed  of  thirteen  divisions,  each  devoting 
itself  to  a  special  field.  I  will  confine  my  remarks  chiefly  to  the 
Engineering  Division  as  that  of  most  interest  to  you,  because 
it  aims  to  cover  all  branches  of  metallurgy. 

How  do  we  do  this  work  of  stimulating  research  ?  Chiefly 
through  the  creatioi#of  active  Committees,  of  which  our  division 
has  now  about  twenty,  each  charged  with  a  research  believed 
to  be  of  engineering  importance.  Each  Committee  is  in  charge 
of  a  Chairman  selected  for  his  power  of  leadership,  as  well  as 
for  his  eminence.  The  members  of  each  Committee  are  all 
intended  to  be  active  in  executing  its  work,  in  connection  with 
their  own  regular  work  in  the  laboratories  or  other  research, 
educational  or  industrial  institutions  in  which  they  are  engaged. 
Thus  we  bring  to  bear  on  each  problem  the  men  fittest  for  studying 
it,  and  the  resources  of  a  number,  and  sometimes  a  very  large 
number,  of  the  best-equipped  laboratories  in  America,  such  as 
those  of  the  United  States  Bureaus  of  Standards  and  of  Mines, 
and  of  other  governmental  bodies,  of  our  Universities  and  Technical 
Schools,  and  the  laboratories  and  works  of  our  great  industries, 
such    as    the    General    Electric    Company,    the    Westinghouse 
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Company,  the  United  States  Steel  Corporation,  the  Midvale  Steel 
Company,  and  very  many  others.  We  do  not  intend  to  create 
laboratories  of  our  own,  believing  that  our  chosen  task  of  stimu- 
lating those  in  other  laboratories,  of  helping  to  lessen  needless 
duplication,  and  of  acting  as  a  sort  of  clearing-house,  is  best  isolated 
from  that  of  equipping  and  maintaining  laboratories. 

The  first  problem  taken  up  by  our  division  was  the  fatigue 
of  metals,  under  the  Chairmanship  of  Professor  Herbert  F.  Moore 
of  the  University  of  Illinois,  with  six  other  members  represent- 
ing the  United  States  Bureau  of  Standards,  two  institutions  of 
learning,  and  four  industrial  research  departments. 

The  thorough  study  of  fatigue,  as  influenced  by  the  micro- 
structure,  the  composition,  and  the  condition  of  the  metal  and 
the  ranges  and  frequency  of  repetition,  requires  such  very  extensive 
and  prolonged  tests  that  the  world  seems  to  have  balked  at  it. 
It  needs  an  attack  on  a  national  if  not  indeed  on  an  international 
scale. 

Professor  Moore  is  approaching  his  problem  in  a  statesman- 
like way  which,  if  persevered  in,  should  place  our  knowledge 
of  fatigue  on  a  plane  much  higher  than  its  present  one.  He 
has  asked  me  to  seek  the  co-operation  of  fatigue-students  here, 
in  France,  and  perhaps  in  the  Neutral  States. 

The  Besearch  Council  has  not  the  funds  to  finance  twenty 
such  investigations  for  each  of  its  thirteen  divisions.  In  this 
and  other  cases  we  hope  to  get  the  moifty  needed  from  the 
presumptive  beneficiaries  of  the  research. 

Three  other  of  our  Committees  may  here  be  mentioned  as 
treating  metallurgical  problems  of  importance  sufficient  to 
interest  you :  those  on  Alloy  Steels,  on  the  Improvement  of 
Metals  by  Treatment  at  a  Blue  Heat,  and  on  the  Heat  Treatment 
of  Carbon  Steel,  under  the  Chairmanship  of  Dr.  John  A.  Mathews, 
the  first  Carnegie  Prize  Scholar  and  President  of  the  Halcomb 
Steel  Company,  of  Professor  Zay  Jeffries  of  the  Aluminium 
Castings  Company,  and  of  the  present  author. 

Much  as  has  been  written  on  the  heat  treatment  of  carbon 
steels,  much  more  remains  to  be  learned  to  enable  us  to  use  this 
wonderful  substance  to  the  best  advantage.  For  all  the  standard 
compositions  we  ought  to  be  able  to  correlate  the  microstructure, 
the  tensile,  fatigue,  and  shock  properties,  and  the  heat  treatment. 
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I  include  here  the  various  degrees  and  procedures  in  normalising, 
annealing,  and  sorbitising. 

If  our  knowledge  is  defective  as  regards  carbon  steel,  it  is 
tenfold  more  defective  as  regards  the  many  alloy  steels.  Here 
mere  fashion  and  guesswork  has  played  a  part  far  from  creditable 
to  us.  An  anecdote  may  illustrate  this.  A  certain  American 
cannon  maker  was  much  troubled  with  flakes.  An  experienced 
metallurgist,  acting  as  Colonel  of  Ordnance,  suggested  halving 
the  nickel  content.  This  lessened  the  flakes  greatly,  without 
preventing  the  product  from  passing  the  reception  tests.  He 
then  suggested  omitting  all  the  nickel.  On  doing  this  the  flakes 
disappeared  almost  totally  and  the  product  continued  to  pass 
the  reception  tests.  Here  a  costly  addition  of  4  per  cent,  of  nickel 
was  a  positive  damage,  as  far  as  concerns  the  reception  tests. 

Since  the  eighties,  when  Stromeyer  pointed  out  some  remark- 
able effects  of  blue  heat  treatment,  we  have  known  vaguely 
that  something  wholly  unexplained  occurs  in  this  range  of 
temperature.  In  some  cases  the  damage  and  in  others  the 
benefit  caused  by  manipulation  in  this  range  has  been  so  great 
that  our  present  ignorance  is  a  reproach. 

Three  of  the  four  Committees,  the  work  of  which  I  have  now 
described  to  you,  are  to  deal  primarily  with  carbon  steel.  In 
order  that  we  may  all  operate  on  exactly  the  same  material,  and 
hence  that  our  results  may  be  strictly  comparable,  Dr.  H.  C. 
Boynton  has  induced  the  John  A.  Roebling's  Sons  Company, 
.the  celebrated  wire-drawers,  generously  to  make  for  our  joint 
use  several  tons  of  wire  biUets  of  acid  open-hearth  steel,  holding 
several  additional  tons  in  reserve  for  future  investigations. 
Every  precaution  will  be  taken  to  reduce  the  quantity  of  inclusions 
to  a  minimum. 

Our  method  of  making  ourselves  an  afi&liation  of  American 
engineering  research  interests  is  to  have  our  Engineering  Division 
composed  first  of  sixteen  official  representatives  appointed  by 
our  most  important  engineering  societies,  and  second  from  seven 
to  twelve  members  at  large  chosen  by  these  representatives. 
The  division  thus  constituted  elects  its  own  Chairman.  All 
these  appointments  are  subject  to  the  approval  of  the  Executive 
Board  of  the  National  Research  Council  and  confirmation  by  the 
President  of  the  National  Academy  of  Sciences. 
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In  addition  to  carrying  on  this  Committee  work,  the  Gomicil 
hopes  to  be  useful  in  improving  the  general  environment  of 
research,  for  instance  by  propaganda  aimed  to  cause  our  Institu- 
tions of  learning  to  favour  research  by  their  own  staff  fai  more 
than  at  present,  and  to  impress  on  the  various  industries  the 
great  benefits  which  the  more  progressive  establishments  are 
now  gaining  from  their  own  researches. 

Each  of  our  divisions  must  adapt  its  tactics  to  the  conditions 
of  its  own  branch  of  science  or  technology.  Each  of  us  recog- 
nising the  experimental  nature  of  our  work,  should  profit  by 
the  experience  of  the  others.  We  believe  the  experiments  well 
worth  trying  most  earnestly. 

Looldng  at  the  annual  crop  of  the  products  of  research,  the 
annual  addition  to  the  stock  of  human  knowledge,  we  recognise 
that  it  is  capable  of  becoming  one  of  the  world's  most  valuable 
crops,  worthy  of  planning,  fertilising,  harvesting,  and  distributing 
with  as  high  a  statesmanship  as  is  appUed  to  other  products  of 
human  activity. 
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DISCUSSION. 

Professor  H.  M.  Howe,  Honorary  Vice-President,  in  opening  the 
discussion  on  his  paper,  said  objection  had  been  raised  in  some  quarters 
to  the  kind  of  committee  work  mentioned  in  the  paper,  on  the  ground 
that  it  did  not  tend  to  stimulate  individual  activity,  but  rather  to 
repress  it.  If  that  were  true  he  should  have  very  serious  doubts  as 
to  the  wisdom  of  carrying  on  committee  work,  but  he  believed  that 
experience  in  the  past  had  shown  what  might  have  been  anticipated, 
namely  that  if  those  committees  were  wisely  directed,  so  far  from 
repressing  individual  initiative,  they  would  have  the  opposite  effect. 
The  experience  of  the  International  Astronomical  Society  had  shown 
that  very  clearly.  Contact  with  the  stimulating  leadership  of  men 
of  very  great  eminence,  instead  of  tending  to  discourage  men,  tended 
to  encourage  them,  and  to  lift  them  to  a  higher  plane.  A  second  reply 
to  the  objection,  if  it  were  a  valid  objection  (which  he  did  not  think 
it  was),  would  be  that  it  appUed  chiefly  to  the  individual  and  not  to 
the  community.  The  individual  was  a  very  important  factor  of  the 
community,  but  the  community  should  come  first,  as  the  benefit 
of  the  community  was  the  end  to  be  striven  for,  and  the  benefit  of 
individuals  was  only  a  means  towards  that  end.  If,  therefore,  the 
system  of  committee  work  referred  to  increased  the  product  of  research, 
yet  did  not  stimulate,  but  repressed,  individual  initiative  that  would 
hardly  be  a  conclusive  objection. 

Dr.  W.  RosENHAiN,  F.R.S.  (National  Physical  Laboratory),  said 
it  was  always  an  advantage  to  hear  Dr.  Howe  at  any  time  on  any 
subject  on  which  he  was  willing  to  speak.  The  particular  subject  with 
which  Dr.  Howe  had  dealt  was  one  of  very  great  topical  interest,  because 
the  whole  question  of  the  organisation  of  research  was  very  much  in 
the  air,  and  was  of  very  great  importance  to  Great  Britain  at  the  present 
time.  He  thought  that  perhaps  the  most  interesting  parts  of  Dr. 
Howe's  statement  were  the  remarks  which  he  had  just  made,  and 
although  he  agreed  with  what  Dr.  Howe  had  said,  there  was  one  point 
on  which  he  would  not  say  he  **  joined  issue,"  but  with  regard  to  which 
he  would  ask  Dr.  Howe's  reconsideration.  Dr.  Howe  suggested  that 
even  if  it  were  true  that  organisation  of  lesearch  did  tend  to  repress 
the  initiative  of  the  individual,  that  would  not  be  so  great  a  loss,  because 
it  was  not  the  individual  but  the  community  which  counted.  He 
(Dr.  Rosenhain)  agreed  so  far  as  that  final  statement  was  concerned, 
but  the  advancement  of  scientific  knowledge  was  necessarily  a  matter 
of  individual  initiative,  and  unless  the  individual  initiative  of  the 
research  worker  could  be  stimulated  and  not  repressed,  a  great  deal 
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of  the  work  done  would  be  comparatively  unfruitful,  because  it  would 
be  mere  systematic  routine  investigation.  There  was  room  and  need 
for  much  of  that  systematic  routine  investigation.  Many  of  the 
questions  which  the  committees  referred  to  in  the  paper  were  dealing 
with  needed  that  kind  of  work,  and  he  hoped  would  receive  it  in  in- 
creasing measure,  both  in  America  and  in  Great  Britain.  There  was, 
however,  a  good  deal  of  pioneer  work  to  be  done,  and  the  men  capable 
of  doing  that  work  needed  every  encouragement  and  every  stimulus, 
although  he  was  far  from  suggesting  that  it  was  for  their  benefit  at  the 
expense  of  the  benefit  of  the  community.  It  was  the  other  way  round. 
If  those  men  were  stimulated,  and  in  measure  as  they  were  stimulated, 
the  community  would  benefit  by  their  exceptional  work.  He  did  not, 
however,  think  the  danger  was  real,  because  those  in  Great  Britain 
had  had  a  good  deal  of  experience  of  committee  work  during  the  last 
four  or  five  years,  both  in  connection  with  research  and  other  matters, 
and  so  far  from  the  organisation  of  those  committees  serving  to  hinder 
the  initiative  of  the  individual,  it  frequently,  he  thought,  served  as 
a  stimulus.  It  brought  the  individual  into  frequent  contact  with  other 
men  working  on  similar  subjects,  and  there  was  that  element  of  human 
rivalry  which  was  inevitable  in  such  cases,  and  acted  as  a  very  valuable 
and  important  stimulus.  Again,  it  could  not  fail  to  be  recognised  that 
there  were  those  large  questions  which  could  only  be  investigated  and 
studied  by  the  systematic  collaboration  and  co-operation  of  the  industry 
and  of  research  workers  with  large  resources  at  their  disposal,  and 
probably  such  organisations  as  the  author  had  described  in  America 
and  a  somewhat  similar  organisation,  though  not  on  so  large  a  scale, 
as  was  contemplated  in  Great  Britain,  were  much  the  best  that  could 
be  got  together  for  such  a  purpose.  He  thought  he  was  right  in  saying 
that  all  persons  not  only  welcomed  and  applauded  the  work  which 
was  being  done  in  America  in  the  matter,  but  would  render  every 
possible  assistance. 

Professor  T.  Tubneb  (Birmingham  University)  said  the  members 
were  much  indebted  to  Dr.  Howe  for  having  brought  such  an  important 
subject  before  them.  The  organisation  of  research  in  America  had 
aiiesydj  proceeded  farther  than  it  had  done  in  Great  Britain.  The 
Department  of  Research  of  the  United  Kingdom  had,  hpwever,  formed 
a  number  of  committees,  and  was  proceeding  on  lines  resembling  those 
outlined  by  Dr.  Howe.  In  the  firat  place  it  was,  he  believed,  a  very 
wise  course  which  had  been  adopted  in  America,  that  the  central 
organisation  should  not  endeavour  itself  to  conduct  researches,  but 
should  arrange  for  others  to  do  so,  stimulate  their  work  and  provide 
them  with  means,  and  should  also  draw  into  the  net  as  many  of  the 
large  laboratories  and  works  as  could  be  persuaded  to  assist.  On 
those  lines  progress  could  be  made.  Great  Britain  had  already 
derived  much  benefit  from  researches  conducted  in  America,  par- 
ticularly those  published  by  the  Bureau  of  Standards   and  similar 


Digitized  by 


Googk 


DISCUSSION  ON  HOWB'S  PAPER.  189 

bodies.    The  general  scheme  outlined  in  the  paper  showed  a  broad 
and  wise  outlook,  and  was  likely  to  yield  important  results. 

Dr.  F.  6.  CoTTRELL  said  he  had  had  the  pleasure  of  being  associated 
with  some  of  the  committees  of  Dr.  Howe's  Division  of  the  Research 
Council  in  America,  which  had  in  particular  reacted  upon  the  Govern- 
ment Service,  especially  in  connection  with  mining.  He  (Dr.  Cottrell) 
was  a  member  of  the  United  States  Bureau  of  Mines,  and  the  Research 
Council  formed  a  particularly  useful  connecting-Unk  between  the 
permanent  official  bodies  of  the  Grovemment's  own  service  and  the 
academic  interests  throughout  the  States — the  Universities  and  tech- 
nical schools  on  the  one  side,  and  the  large  research  establishments  of 
the  industry  on  the  other.  There  was  always  need  for  co-ordination 
between  those  agencies.  There  was  a  tendency  for  each  to  become 
so  intent  on  the  particular  programme  they  were  carrying  out,  that 
the  work  of  liaison  was  to  some  extent  neglected.  A  body  devoting 
itself  specifically  and  solely  to  such  co-ordination  could  do  a  great 
deal  of  good,  and  was  often  in  a  position  to  initiate  work  which  it  would 
be  impossible  for  one  of  the  individual  agencies  themselves  to  initiate. 
That  had  been  very  much  in  evidence  during  his  war  work.  During 
the  past  two  months  while  he  had  been  in  France,  the  same  problems 
had  arisen.  The  National  Research  Council  at  Washington  had 
cabled  him  to  represent  them  at  the  meeting  of  the  International 
Chemical  Council  which  had  had  its  first  meeting  in  Paris  about  a 
month  ago.  That  organisation  had  been  indebted  for  its  creation 
and  initiation  to  Professor  Henry  Louis,  President  of  the  British 
Society  of  Chemical  Industry,  and  Mr.  Ressner,  the  President  of  the 
French  Society  of  Chemical  Industry.  Out  of  their  efforts  grew  the 
Council,  and  the  success  with  which  that  meeting  had  been  attended, 
in  bringing  together  the  technical  and  the  academic  interests  in  the 
whole  of  the  chemical  field,  had  been  exceedingly  marked.  The  French 
had  joined  very  heartily  in  the  movement,  and  were  highly  appreciative 
of  the  possibilities  of  such  an  international  co-operation.  Parallel 
with  that,  however,  was  the  larger  movement,-  namely  the  association 
of  various  organisations  similar  to  what  they  had  had  in  the  States 
in  the  International  Research  Council,  and  the  association  of  those 
into  a  larger  international  body  or  committee  which  could  further 
international  co-operation.  The  Italians  had  recently  formed  their 
group,  and  the  work  of  creating  a  similar  group  in  France  was  weU 
advanced.  A  BiU  had  passed  the  Chamber  of  Deputies,  and  was  going 
to  the  Senate,  which  provided  for  converting  the  section  of  the  French 
War  Ministry  which  dealt  with  inventions  and  scientific  novelties 
into  a  peace-time  body  along  those  general  lines,  and  the  attempt  was 
being  made  to  couple  that  directly  with  the  academic  interests  through 
the  Academic,  or  some  other  purely  scientific  bodies,  similar  to  the 
work  which  was  being  done  in  Great  Britain  through  the  Royal  Society 
and  other  organisations,  and  which  America  had  tried  to  start  through 


Digitized  by  CjOOQ IC 


140  DISCUSSION  ON  Howe's  paper. 

the  National  Research  Council.  Both  the  technical  and  pure  science 
interests  were  uniting  most  heartily,  and  it  was  in  fact  largely  in  con- 
nection with  that  matter  that  he  had  come  over  to  England  to  meet 
Dr.  Howe,  who  brought  the  latest  connections  from  America.  Dr. 
Howe  would  find,  when  he  reached  Paris,  that  the  movement  was 
flourishing,  and  that  he  had  a  fine  piece  of  work  to  take  up. 

Professor  H.  Louis,  Member  of  Council,  emphasised  very  strongly 
the  point  mainly  in  his  mind  at  the  moment,  namely  the  inter- 
national side  of  the  question.  Hitherto  work  had  been  carried  out 
too  much  in  water-tight  compartments,  and  Dr.  Howe's  admirable 
paper  was  in  some  respects  an  evidence  of  it.  There  were  very  strong 
reasons  why  forces  should  be  combined.  He  had  never,  like  a  good 
many  other  people,  made  a  fetish  of  research  with  a  capital  R,  or  looked 
upon  it  as  the  one  great  thing  to  aim  at,  and  he  had  never  been  anxious 
to  put  everybody  on  to  research  work,  because  his  own  view  was  that 
the  man  capable  of  doing  real  research  work  was  not  born  every  day. 
It  was  not  every  day  that  a  Bessemer,  or  a  Ramsay,  or  a  Crookes  was 
born.  Committees  such  as  were  being  appointed  in  America  and  in 
Great  Britain  would  do  admirable  service  on  the  lines  Dr.  Rosenhain 
had  pointed  out,  not  by  carrying  out  research,  but  by  forming  a  body 
of  men  capable,  he  hoped,  of  sufficient  discrimination  to  pick  out  those 
who  were  capable  of  carrying  out  research  which  would  really  advance 
the  science  of  technology.  Such  men  were  rare,  but  they  could  be 
found,  and  he  did  not  see  how  any  machinery  other  than  that  provided 
by  such  committees  could  find  them.  It  was  surely  right  that  such 
men,  in  whatever  country  they  were  born,  should  be  looked  upon  not  as 
national,  but  as  international  assets  for  the  advancement  of  technology 
and  science  of  the  entire  world.  It  was  only  by  international  co- 
operation between  those  research  committees  that  anything  of  the 
kind  could  be  done.  International  co-operation  could  get  through 
a  great  deal  of  useful,  he  might  say  indispensable,  spade-work  which 
had  got  to  be  done  to  dear  the  ground  for  such  important  researches 
as  he  had  in  mind.  Dr.  Howe  had  stated  that  one  of  the  American 
steelworks  had  been  good  enough  to  make  for  them  a  number  of  ingots 
of  steel  for  experimental  purposes,  and  he  presumed  that  they  would 
begin  by  analysing  them.  A  sub-commifctee  of  the  Iron  and  Steel 
Institute  had  been  doing  precisely  the  same  thing  in  Great  Britain 
with  Dr.  Stead  as  Chairman.  The  first  step  taken  had  been  to  obtain 
a  number  of  ingots  made  of  steel  of  approximately  definite  composi- 
tion and  to  get  them  analysed,  so  that  a  beginning  might  be  made  by 
providing  uniform  standards  of  composition.  To  his  (Professor  Louis') 
mind  the  very  first  thing  which  the  American  National  Research  Council 
or  the  committee  dealing  with  that  branch  of  investigation  ought  to 
do  was  to  exchange  samples  with  the  British  body.  The  same  applied 
to  France,  to  Italy,  and  other  countries.  At  any  rate,  the  first  step 
should  be  settled,  so  that  when  reference  was  made  to  a  steel  con- 
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taming  say  0*1  per  cent,  of  carbon,  everybody  should  know  that  they 
were  talkmg  about  the  same  thing.  At  the  present  time  each  worker 
had  his  own  methods  of  analysis.  British  analysts  were  trying  to  get 
standard  methods  of  analyses  for  steel.  He  wanted  to  go  further : 
he  wanted  an  international  standard  and  to  get  all  the  workers  in  the 
different  countries  interested  in  iron  and  steel  to  exchange  specimens 
and  co-ordinate  their  methods.  The  International  Research  Federa- 
tion, or  whatever  it  was  caUed,  should  form  a  central  body  with  which 
all  the  different  research  committees  of  the  different  countries  could 
co-operate.  Then,  he  felt,  something  really  useful  would  have  been 
inaugurated. 

Professor  H.  M.  Howe,  in  reply,  said  he  was  glad  that  Dr. 
Cottrell  and  Professor  Louis  had  emphasised  the  international 
aspect  of  the  matter.  He  had  only  been  speaking  of  the  part  which 
America  had  been  trying  to  take  in  th^t  movement,  but  it  was  as  an 
international  movement  that  it  was  going  to  have  its  great  value. 
His  reference  to  the  steel  was  rather  to  indicate  the  interest  which 
had  been  taken  in  the  matter  by  manufacturers  in  America.  One 
of  America's  very  best  makers  of  high  quality  steel  had  made 
voluntarily  a  very  great  quantity  of  steel  at  his  own  cost  for  the 
purpose.  It  was  encouraging  that  the  industries  recognised  the 
work.  The  various  committees  were  operating  on  identical  material, 
and  he  hoped  there  would  be  enough  left  to  interchange  with  Great 
Britain. 
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MODERN  STEEL  METALLURGY. 

(CALCULATION  AND  COMPARISON  OF  PROCESSES.) 
By  GHAS.  H.  F.  BAGLET  (STOOXTOV-ON-Tns). 

Thb  object  of  this  paper  is  to  present  a  simple  and  reliable  method 
of  calculating  the  consumption  of  materials  and  the  technical 
results  in  the  manufacture  of  steel  from  any  kind  of  pig  iron  by 
any  standard  process,  so  that  their  relative  advantages  can  bo 
estimated  and  compared  with  some  degree  of  confidence,  instead 
of  remaining  simply  matters  of  opinion  and  experiment.  In  the 
"  heavy  "  steel  trades  the  final  cost  of  the  ingots  must  always 
be  the  leading  factor,  and  the  best  method  of  producing  them 
cheaply  in  any  district  should  be  a  matter  of  no  uncertainty. 
The  system  described  is  essentially  synthetic  rather  than  analy- 
tical, involving  various  assumptions  in  lieu  of  precise  data ;  but 
its  substantial  accuracy  is  confirmed  by  the  general  agreement 
between  the  calculated  figures  and  the  actual  results  by  all  the 
standard  processes.  The  author  worked  out  this  system  some 
years  ago  for  his  own  use — ^particularly  in  connection  with  the 
basic  open-hearth  process — and  has  constantly  employed  it  since 
with  good  results. 

Slag  Fonnation  and  Character. — ^In  any  refining  process 
involving  molten  materials  a  slag  is  formed  consisting  essentially 
of  the  products  of  the  elements  removed  (other  than  gases)  in 
combination  with  suitable  fluxing  material  (either  derived  from 
the  metal  itself  or  intentionally  added) — ^together  with  a  pro- 
portion of  the  active  reagents  employed,  for  which  this  slag  is 
the  veliicle.  These  constituents  must  bo  present  in  such  pro- 
portions that  they  are  mutually  self-fiuxing  and  self-satisfying 
at  the  prevailing  temperature ;  so  that  the  slag  is  resksonably 
fluid  and  inactive  on  the  hearth  of  the  furnace.  At  the  end  of 
the  process  it  should  carry  but  little  excess  of  the  active  reagents — 
so  that  its  action  on  the  metal  has  almost  ceased — ^and  should 
have  a  physical  consistency  and  condition  that  will  allow  it  to 
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be  ecfcsily  separated  and  removed.  The  final  temperature  is 
governed  by  the  physical  requirements  of  the  metal — ^which  are 
fairly  definite  and  constant ;  and  the  composition  of  the  slag, 
being  merely  an  incidental  product,  must  be  regulated  to  suit 
so  that  its  condition  is  right  at  tapping  temperature  of  the  metal. 
In  the  molten  state,  such  a  slag  may  be  considered  as  essentially 
a  complex  solution  of  acids  .and  bases  rather  than  a  definite 
chemical  compound;  their  proportions  being  determined  by 
the  temperature,  and  the  valency  of  the  constituents  as  acids 
or  bases,  rather  than  by  definite  chemical  formulae — ^regardless 
of  whatever  definite  compounds  may  be  crystallised  out  later. 
In  steel  melting  no  great  range  of  finishing  temperatures  is  per- 
missible, and  the  physical  conditions  of  both  metal  and  slag  are 
fixed  within  comparatively  narrow  limits,  within  which  the  slag 
may  be  neither  top  thick  nor  too  thin,  and  its  composition  is, 
therefore,  fixed  within  a  similar  narrow  margin,  if  its  condition  is 
to  be  satisfactory.  It  has  always  been  the  custom  of  practical  men 
to  judge  of  the  progress  of  operations,  and  the  quality  of  the  metal, 
by  its  fracture  and  by  the  appearance  of  the  slag,  a  method  which, 
though  apparently  primitive,  is  thoroughly  sound  and  practical, 
affording  to  the  experienced  man  a  visual  indication  of  the  actual 
physical  conditions  obtaining.  It  is  almost  an  axiom  in  practice 
that  if  the  slag  be  right,  the  metal  also  will  be  right. 

Adds  and  Bases. — In  a  steel  slag,  the  chief  constituents — ^none 
of  them  individually  very  fusible — may  be  grouped  into  two  main 
classes — Acids  and  Bases — ^which  mutually  flux  and  neutralise  each 
other  at  quite  moderate  temperatures  when  present  in  approxi- 
mately equal  proportions.  At  higher  temperatures  a  slag  often 
becomes  too  thin  and  active  and  attacks  the  fettling  material 
of  the  hearth ;  the  proportions  must  then  be  altered  to  raise  its 
melting  point  and  reduce  its  fusibility  correspondingly.  An  excess 
either  of  acids  or  bases  is  required,  according  to  the  nature  of  the 
hearth  material,  beyond  the  proportions  required  for  fusibility  at 
moderate  temperature — as,  for  instance,  for  a  mixer  slag — and  if 
not  already  present  must  be  supplied  by  suitable  additions,  failing 
which,  the  slag  will  help  itself  &om  the  hearth  materials  until  it  is 
**  satisfied  "  or  approximately  neutralised  at  that  temperature.  The 
schedule  of  steelworks  slags  given  later  illustrates  the  point  very 
clearly,  and  is  worth  careful  attention.    The  figures  quoted  are  for 
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final  or  tapping  slags  only,  and  are  taken  from  actual  practice  at 
many  different  works  in  England,  Germany,  and  America,  opera- 
ting on  various  irons,  by  various  processes,  under  very  varied  con- 
ditions. They  may  be  taken  as  fair  averages  for  good  practice, 
whatever  the  pig  iron.  For  calculating  purposes,  the  composition 
of  the  slag  as  run  to  waste — ^usually  the  tapping  slag — is  the  only 
possible  basis,  regardless  of  what  it  may  previously  have  been. 
During  the  slag  formation  period  and  at  early  stages  of  the  pro- 
cess, it  is  in  a  state  of  constant  chemical  activity  and  change  until 
its  active  reagents,  PeO  and  PeaOa,  approach  exhaustion.  Its 
composition  will  vary  considerably,  therefore,  according  to  the 
extent  and  nature  of  the  additions  made,  the  progress  of  the 
reactions,  and  the  temperature  conditions  of  the  moment.  Slags 
from  continuous  processes — ^such  as  refining  mixers,  in  which 
there  is  no  finality — ^are  always  irregular,  and  many  vary  within 
wide  limits  for  the  same  reasons.  The  final  slag  as  nm  to  waste 
is  thus  the  only  sound  basis  for  calculations ;  and  whether  run 
off  on  tapping  or  before,  it  should  carry  a  minimum  of  free  oxides, 
together  with  the  maximum  of  acids  permitted  by  the  temperature 
at  that  period. 

As  regards  the  various  constituents,  it  may  be  noted  that  they 
are  nearly  all  oxides — ^usually  the  lowest  oxide  the  element  is 
capable  of  forming;  and  some  of  them,  notably  those  derived 
in  part  from  the  metal,  are  therefore  capable  of  being  partially 
reduced  in  the  later  stages  by  the  remaining  carbon  of  the  bath, 
especially  in  the  absence  of  sufficient  free  oxide  of  iron.  Not  only 
has  the  slag  an  oxidising  effect  on  the  metal,  but  the  metal  and  its 
metalloids  have  an  equal  reducing  effect  on  the  more  active 
constituents  of  the  slag.  A  general  principle  is  that  any  element 
which  is  reducible  in  the  blast-furnace  is  oxidisable  in  the  steel 
furnace  or  converter  and  removable  as  an  oxide  in  a  suitable  slag 
containing  some  constituent  with  which  it  can  enter  into  com- 
bination— ^failing  which  it  will  be  again  reduced  by  the  remaining 
carbon  of  the  bath,  unless  an  excess  of  some  more  reducible 
oxide — say  Fe^Os,  I'^O — ^^  present,  when  it  may  be  partly  removed 
as  an  oxide  in  the  slag.  The  iron  oxides  may  be  used  to  limit  the 
extent  of  its  reduction,  but  will  not  alone  entirely  prevent  it. 
In  any  case,  the  reducing  influence  is  always  present,  and  tends  to 
prevent  the  entire  elimination  of  any  element,  at  least  until  the 
1919— i.  L 
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carbon  is  gone,  and  traces  of  them  all  are  usually  found  in  the 
finished  steel.  In  the  acid  process  0-02  to  0*04  per  cent,  of  silicon 
and  0-08  to  0-06  per  cent,  of  manganese  are  usually  found,  either 
never  oxidised  or  subsequently  reduced  ;  and,  in  the  basic  process, 
traces  only  of  silicon  and  0-10  to  0*40  per  cent,  of  manganese 
are  found.  The  difference  arises  from  the  fact  that  MnO  has  a 
great  afSnity  for  SiO,,  which  is  present  in  excess  in  the  acid  slag, 
and  Uttle  MnO  is  therefore  reduced.  In  a  basic  slag,  however, 
there  is  no  excess  of  SiO„  and  the  MnO  is  more  liable  to  the  re- 
ducing influence  of  the  carbon.  Quantitatively  these  traces  are 
almost  negUgible  and  have  no  material  effect  on  the  calculations, 
but  they  affect  the  general  quahty  or  condition  of  the  steel  con- 
siderably and  account  largely  for  the  characteristic  differences 
between  steels  made  by  various  processes. 

Steelworks  Slags. 

It  may  be  objected  that  the  average  acid  contents  here 
shown  are  on  the  high  side  in  some  cases — especially  for  basic 
slags  from  fixed  open-hearth  furnaces — and  set  a  standard  not 
always  reached  in  practice.  This  may  possibly  be  so,  the  result 
being  to  show  these  processes  rather  too  favourably,  but  for  the 
sake  of  comparison  between  basic  open-hearth  processes,  the  slags 
are  all  placed  on  the  same  level.  It  also  seems  useless  to  com- 
pare poor  practices  together,  and  where  actual  results  fall  short 
of  these  figures — ^which  often  are  realised — there  appears  to  be 
room  for  improvement.  It  is  frequently  observed  that  one 
charge  takes  considerably  more  lime  than  another,  though  using 
the  same  quality  and  quantity  of  iron,  especially  if  worked 
slowly  or  delayed  for  any  reason,  constant  fresh  additions  being 
needed  to  keep  the  slag  in  proper  condition  and  prevent  it  from 
getting  thin.  In  these  cases,  the  total  acids  are  invariably  low — 
possibly  down  to  18  per  cent,  or  less — and  the  CaO  higher  than 
here  shown — ^possibly  up  to  58  per  cent. — ^under  which  condi- 
tions the  lime  consumption  may  be  as  much  as  75  per  cent, 
above  normal.  The  subject  will  be  more  fully  dealt  with  later 
when  considering  the  removal  of  sulphur  and  the  production  of 
phosphate  slags. 
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Method  op  Calculation. 

By  whatever  process  effected,  the  essential  operations  of  steel 
melting  are : 

1.  The  oxidation  of  the  impurities  of  the  raw  pig  iron. 

2.  The  safe  removal  of  the  products — as  slag. 

8.  The  maintenance  of  a  temperature  high  enough  to  keep 
the  metal  molten  and  allow  it  to  be  cast  into  moulds. 

4.  The  formation,  or  provision,  of  a  slag  of  proper  physical 
consistency — fluid  and  appproximately  neutral  to  the 
lining  of  the  hearth  at  the  finishing  temperature  of  the 
process — and  finally  almost  exhausted  of  active  reagents. 

Oxidation  Table.— For  a  quantitative  account  of  the  process  and 
results,  the  weight  of  the  metalloids  to  be  oxidised  may  first  be 
considered.  From  the  average  composition  of  charge,  it  is  a 
simple  matter  to  calculate  the  weight  of  oxygen  required  and  of 
the  products  formed.  Whatever  the  source  of  this  oxygen,  these 
quantities  are  fixed  and  definite  and  in  simple  chemical  propor- 
tions.    Thus,  the  oxidation  of  : 

1  unit  of  carbon       requires  16  ^  12  =  1-33  of  oxygen,  forming  2-33  of  CO  gas 
„       silicon  „      32  4-28=114         „  „        214  „  SiO. 

phosphorus       .,      80-^62=1-29         „  „        2-29  „  P.O. 

manganese        „      16  ^  66  =  0-29        „  „        1-29  „  MnO 

Units. — The  units  employed  may  be  anything  from  molecules 
to  tons,  but  throughout  these  calculations  ton  units  are  employed  ; 
and  100-ton  charges  are  considered,  so  that  each  1*00  per  cent, 
by  analysis  represents  1*00  ton,  and  the  decimal  system  is  thus 
retained  throughout,  with  its  customary  advantages.  Calcula- 
tions are  accurate  to  the  3rd  figure,  and  approximate  where  given 
to  the  4th — ordinary  slide-rule  limits. 

Oxides. — The  oxygen  required  can  be  calculated  to  its  equiva- 
lent in  air,  or,  subject  to  certain  reservations,  in  pure  FegO^, 
or  its  equivalent  in  ore  of  given  analysis ;  and  the  weight  of 
the  metallic  Fe,  &c.,  introduced  therewith  is  easily  found.  The 
other  items,  SiOg,  PgOg,  AI2O3,  CaO,  MgO,  MnO,  &c.,  also  intro- 
duced, may  often  be  important,  especially  SiOg,  as  compared 
with  the  amounts  derived  from  the  metal  itself,  and  should  be 
taken  into  account  in  calculating  the  slag  make  and  analysis. 


Digitized  by 


Googk 


BAOLEY  :  MODBRN  STBEL  METALLURGY.         149 

lime  consumption,  metallic  losses,  yield,  &c.  The  consumption 
of  oxides  thus  ascertained  should  be  the  maximum  in  good 
practice,  and  should  rarely  be  actually  reached,  as  a  proportion 
of  the  metalloids  will  always  be  oxidised  by  the  flame  in  an  open- 
hearth  furnace.  Nevertheless,  it  is  often  exceeded,  especially  in 
hot  metal  processes — ^notably  in  Monell  practice — ^with  excessive 
slag  production  and  needless  waste  of  oxides  and  lime  in  the 
form  of  half-spent  slag.  The  actual  oxide  requirements  for  a 
given  charge  or  furnace  are  thus  somewhat  variable,  but  for 
the  sake  of  uniformity  they  are  taken  throughout  at  the  full 
calculated  values — which  point  should  not  be  overlooked  when 
the  subject  of  metalKc  yield  and  losses  comes  to  be  considered. 

When  cold  pig  iron  and  scrap  are  to  be  used,  allowance  must 
be  made  for  the  inevitable  metallic  loss  incurred  in  melting  down  ; 
and  the  oxide  formed — as  FogO^ — should  be  deducted  from  the 
requirements  of  the  charge.  It  should  be  noted  that  there  is 
usually  a  small  percentage  of  FegOj  as  well  as  of  FeO  to  be  found 
in  the  slag — even  towards  the  end — ^indicating  that  although 
FeO  may  be  in  process  of  reduction  by  the  carbon  of  the  bath, 
it  is  simultaneously  being  oxidised  to  Fe^Os  ^7  ^^^  flame  to  a 
small  extent.  This  catalytic  action  partly  explains  the  fact 
that  some  charges  do  not  actually  use  nearly  so  much  oxides 
as  their  calculated  requirements — which  is  found  to  be  the  case 
especially  with  a  slow  furnace  or  a  dull  heat.  On  the  other  hand, 
a  keen  furnace  will  take  almost  its  full  calculated  quantity — 
indicating  that  the  oxide  is  quickly  reduced  and  so  is  not  exposed 
in  sufficient  quantity  nor  long  enough  to  the  oxidising  action 
of  the  flame  to  allow  this  catalytic  action  to  occur  to  any  great 
extent. 

Products. — The  products  of  oxidation,  other  than  CO  and 
COj  which  escape  as  gases,  will  all  pass  into  the  slag,  besides  the 
impurities  introduced  from  outside  sources — lime,  oxides,  sand 
on  pig  iron,  wear  of  furnace  hearth  and  linings,  &c.  For  the 
sake  of  uniformity,  this  last  item  is  omitted  throughout  on 
account  of  its  irregularity  and  uncertainty,  though  it  is  by  no 
means  always  negUgible.  The  other  factors  are  taken  as  constant 
throughout,  at  the  following  values  : 

C!old  pig  iron — sand  aUowanoe  at  ^  cwt.  per  ton  »  1*25  per  cent.  SiOg. 
Kinmayaara  ore  (C)  at  66-0  per  cent.  Fe  and  3-0  per  cent.  SiO,. 
Burnt  lime  (C)  at  96-0  per  cent.  CaO  and  2-0  per  cent.  SiO. 


Digitized  by 


Googk 


150  BAGLBT  :    MODBBN  8TEBL  MBTALLUBGY. 

Slag  Make. — In  a  normal  tapping  slag  of  proper  temperature 
and  consistency  there  is  no  great  range  of  variation  in  com- 
position, and  the  total  weight  of  acids  present  will  therefore 
determine  approximately  the  average  make  of  slag.  Thus,  if 
the  total  SiOj  produced  from  100  tons  of  iron  by  an  acid  Bessemer 
converter  be  6*30  tons,  and  the  final  slag  normally  contains 
68*0  per  cent.  SiO,,  the  average  make  of  slag  will  be  6-80  ~  0-68 
=  10  tons  per  100  tons  of  iron.  So  also  in  the  basic  process,  if 
the  total  acids  SiOj,  P3O5  from  100  tons  of  iron  plus  that  intro- 
duced by  the  necessary  lime  and  oxides  amount  to  5*60  tons, 
and  the  final  slag  normally  contains  28  per  cent,  of  acids  (SiO^ 
and  PjOft),  the  average  make  of  slag  will  be  5-60  -7-  0-28  =  20-0 
tons.  In  preliminary  refining  or  mixer  furnaces,  taking  into 
consideration  the  acids  produced  and  the  normal  acid  contents 
of  the  slag  made  (as  controlled  by  the  working  temperature), 
the  same  apphes.  At  particular  works  the  final  slags  may  vary 
in  acid  contents  from  the  figures  shown  in  the  schedule  of 
steelworks  tapping  slags  here  given,  and  the  basis  of  calcula- 
tion will  require  amending  accordingly,  but  the  principle  still 
holds  good  and  the  average  results  will  be  reliable. 

Lime. — The  burnt  lime  required  is  at  once  found  from  the 
average  make  of  slag  as  above,  taking  into  consideration  the  CaO 
contents  of  the  lime,  which  rarely  exceeds  96  per  cent.  Thus, 
for  an  acid  slag  to  contain  9*6  per  cent.  CaO,  the  burnt  lime  needed 
will  be  9*6  --  96  =  10  per  cent,  of  the  slag  made ;  and  for  a  basic 
slag,  to  contain  48  per  cent.  CaO,  the  burnt  lime  required  will  be 
48  -i-  96  =  ^  of  the  total  slag  made.  No  account  is  taken  here 
of  any  CaO  introduced  by  ores  or  taken  up  from  the  hearth  or 
fettling  materials.  It  does  not  affect  the  GaO  requirements, 
but  should  be  deducted  from  the  quantity  to  be  supplied  if  present 
in  appreciable  quantity. 

Slag  Analysis. — ^Having  ascertained  the  total  make  of  slag, 
the  SiOj,  PjOg,  and  MnO  contents  can  now  be  stated  in  percentages, 
and  its  value  as  a  fertiliser  or  otherwise  determined. 

The  CaO  contents  have  already  been  decided,  and  percentage 
allowances  can  usually  be  made  for  the  inevitable  AljOs  and  MgO 
within  normal  limits  as  per  schedule  ;  though  under  exceptional 
circumstances  these  items  may  need  to  be  specially  estimated. 
There  remain  only  the  iron  oxides,  FeO  and  Fe^iO^,  which,  as  a  rule, 
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may  be  taken  by  difference  and  will  not  be  far  off  the  mark. 
They  may  be  considered  together  as  FeO,  and  together  with  MnO 
constitute  the  bases  in  an  acid  slag ;  but  in  a  basic  slag  they  may 
be  regarded  simply  as  diluting  the  primary  acids  (SiOj,  P2O6) 
and  bases  (CaO  and  MgO)  of  the  solution.    Campbell,  Harbord, 
and  other  authorities  agree  that  FeO  and  MnO  are  together 
approximately  a  constant  proportion  in  the  slag,  but  as  MnO  is 
more  liable  to  volatilisation  than  FeO,  it  may,  therefore,  be  less 
than  as  calculated — ^its  place  being  taken  by  FeO.    Hence,  if 
there  be  much  MnO  present,  the  FeO  contents  will  be  relatively 
low,  and  vice  versa,  MnO  displacing  FeO  within  this  proportion ; 
but  when  for  any  reason  the  two  are  present  in  excess,  it  is  at 
the  expense  of  the  chief  constituents,  and  the  slag  calculation 
should  be  made  again  on  an  amended  basis  of  acid  and  CaO 
contents  accordingly.    Similarly  when  the  two  together  are  less 
than  normal,  the  slag  will  be  found  to  contain  higher  percentages 
of  acids   and  CaO  than  those  on  which  these  calculations  are 
based.    In  this  connection  it  should    be   remembered   that  if 
FeO  is  present  in  excess  the  carbon  may  be  gone  before  tapping 
heat  is  reached,  and  the  steel  will  be  wild ;  while  if  deficient,  the 
reactions  will  fall  off  and  the  carbon  may  **  stick  "  until  further 
ore  additions  are  made— conditions  which  it  is  the  steel-melter's 
business  to  avoid. 

Metallic  Yield. — An  approximate  metaUic  balance-sheet  may 
now  be  drawn  up,  though  some  of  the  losses  are  more  or  less 
indeterminate  and  have  to  be  assumed  from  known  results  in 
actual  practice.  On  one  side  may  be  debited  the  metaUic  charge, 
Fe  received  from  the  oxides,  and  the  ferro-alloys  used  in  the  ladle  ; 
and  on  the  other  the  furnace  may  be  credited  with  the  metalloids 
oxidised,  Fe  carried  off  as  oxide  in  the  slag,  sand  allowance, 
metallic  shot  in  the  slag,  scrap  lost  in  the  slag  ladle,  pit  scrap, 
metal  scrap,  charging  and  teeming  splash  and  spillage,  metal 
volatilised,  &c.    A  typical  balance-sheet  is  as  under  : 


Dr.  Metd]io  ohuge 

.     10000 

Ct.  Sand  allowance 

nil 

Pe  from  ore*   . 

.       16-30 

Metalloids  oxidised  . 

6-20 

Perro  alloya  (wy)     . 

0-70 

Fe  as  oxide— in  slag 
Mechanioal  losses,  \ 

unaccounted  for ) 

1-76 

4*00 

Balance— ingots  and  scrap 

10604 

Total  .        •        .     II700  Total   .        .         .     117-00 
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To  keep  a  reasonably  accurate  account  over  a  period,  a  steel- 
works  should  in  every  department  be  kept  as  clean  and  free 
from  scrap  of  all  sorts  as  possible.  Everything  must  be 
weighed  in  and  out  and  complete  analyses  frequently  taken  and 
duly  averaged  together.  Even  then  an  exact  account  will  always 
remain  an  impossibility.  Such  a  balance-sheet  can  only  be 
approximate ;  but  it  is  none  the  less  interesting  and  useful  for 
making  comparisons  or  for  setting  up  a  standard  of  efficiency. 
It  indicates  the  various  directions  in  which  losses  may  occur  and 
their  relative  importance.  Particular  attention  should  be  paid 
to  the  mechanical  losses — especially  in  the  handling  and  transfer 
of  molten  steel  or  metal,  and  to  all  apparatus  and  machinery 
employed,  with  a  view  to  minimising  the  more  or  less  inevitable 
waste  and  carelessness  in  this  direction.  It  is  most  important 
that  molten  metal  be  handled  as  rarely  and  expeditiously  as 
possible.  There  is  usually  far  too  much  scrap  and  waste,  metal 
skull,  spillage,  and  pit  scrap,  &c.,  to  be  seen  about  a  steel  plant, 
all  representing  losses  of  yield — some  recoverable,  others  final. 
The  importance  of  these  losses  should  be  better  appreciated,  and 
the  fact  realised  that  with  ingots  at,  say,  75s.  per  ton  in  normal 
times,  each  unit  gained  or  lost  represents  a  value  of  approxi- 
mately 9d.  per  ton. 

As  regards  metallic  shot  and  scrap  lost  in  the  slag  where  basic 
phosphate  slag  is  made  and  ground  for  fertilisers,  the  bulk  of  it 
can  be  recovered,  and  the  loss  in  this  direction  approximately 
ascertained.  Otherwise,  it  can  only  be  guessed  at  from  a  look 
over  the  tip  ;  but  even  where  facihties  and  supervision  are  good 
it  is  rarely  less  than  4  per  cent,  of  the  slag  made,  or  say  l-OO  per 
cent,  of  the  metallic  charge,  and  may  be  very  much  higher.  A 
serious  fault  of  the  tilting  furnace  is  the  impossibihty  of  running 
the  slag  off  entirely  without  losing  metal  into  the  slag  tub ;  for 
whenever  the  furnace  is  tilted  the  metal,  being  very  much 
heavier  than  slag,  finds  its  level  and  comes  up  first,  whereas 
the  slag  remains  lying  on  a  perfectly  level  surface.  Some 
loss  of  metals  (Fe  and  Mn)  by  volatilisation  is  inevitable,  but 
it  may  be  excessive — ^probably  through  too  thin  a  covering  of 
slag  on  the  bath,  or  due  to  a  needlessly  high  temperature.  It  is 
seen — oxidised — ^in  the  dense  brown  fume  of  the  converter, 
and  in  the  lighter  brown  smoke  from  the  open-hearth  furnace 
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chimney ;  and  is  often  found  oxidised  and  condensed  in  the 
ports,  flues,  and  checkers  as  a  very  light  oxide — Fefi^ — exactly 
like  purple  ore  in  appearance  (though  not  in  weight),  though 
purple  ore  may  never  have  been  used  at  all  in  that  furnace.  It 
is  constantly  found  in  the  checkers  of  basic  furnaces  working  the 
Martin  process  without  a  pound  of  ore  being  used. 

The  full  calculated  quantities  of  Fe  introduced  by  the 
oxides  may  not  actually  be  used  in  practice,  as  already  noted, 
and  the  yield  and  balance-sheet  will  be  affected  accordingly. 
Provided  that  they  are  efficiently  used,  and  not  wasted,  the 
higher  the  consumption  the  better  from  this  point  of  view  ;  for 
the  Fe  unit  in  the  form  of  steel  ingots  is  normally  worth  9d.,  as 
against  its  cost  in  the  form  of  ore  at  say  4d.  in  normal  times — 
a  difference  of  5d.  per  ton  of  ingots. 

Whatever  the  process,  there  will  inevitably  be  such  mechanical 
losses,  some  recoverable  (though  as  scrap  only)  and  others  final ; 
besides  which  some  margin  must  be  allowed  for  discrepancies 
and  approximations  within  probable  limits  of  accuracy.  In 
order  to  compare  results,  it  is  necessary  to  adopt  a  reasonable 
figure  as  a  standard  for  these  **  unaccountable  '*  losses  by  each 
process  ;  and  from  various  data,  checked  by  working  back  from 
known  yields  of  various  processes,  the  author  arrives  at  the 
following  figures,  which  are  adopted  throughout  these  calculations  : 

"  3feehanical  Louts,*'  "  VokaOised,"  and  "  Unaeeounttd," 

Per  Cent. 

1.  By  the  acid  Bessemer  (direct  metal)  process  .....         .         .    OKX) 

2.  „  basic  Bessemer  (direct  metal)  process 6-00 

3.  „  basic  open-hearth  (direct  metal)  process 4-00 

4.  „  basic  open-hearth  (cold  pig  iron  and  scrap) 3-00 

6.  „  add  open-hearth  (odd  pig  iron  and  scrap) 2*00 

6.  In  the  add  Bessemer  preliminary  process        .  .    400  ( P^^  ^'.^  f^^''  ^^ 

7.  „     basic  Bessemer  preliminary  process  .    4-00 . 

8.  „     basic  open-hearto  (mixer)  preliminary  process       .    2*00 

N,B, — All  these  losses  are  per  ton  of  the  charged  weight— not  per  ton  of  prodaot,  to  give 
Irhich  they  must  be  divided  by  the  yield  realised. 

Sulphur  in  the  Basic  Process. 

The  elimination  of  sulphur  in  the  basic  process  is  a  fairly 
simple  matter,  and  a  much  higher  limit  of  sulphur  in  the  pig  iron 
is  therefore  permissible  than  in  the  acid  process.  It  will  usually 
faU  to  something  less  than  0*10  per  cent,  at  a  low  temperature 


in  the  basic  open- 
hearth  finishing 
fomaoe. 
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in  the  mixer  or  in  melting,  without  assistance,  provided  the  metal 
contains  sufficient  manganese ;  and  it  falls  further,  as  the  process 
proceeds,  down  to  0-08  per  cent,  or  0-06  per  cent.  Such  difficulty 
as  occurs  is  not  in  reducing  it  to  this  level,  but  in  removing  the 
next  few  points,  when  required ;  yet  the  ancient  prejudice  that 
basic  steel  requires  to  be  lower  in  sulphur  than  acid  steel  in  order 
to  be  equally  good  still  lingers — this  notion  apparently  arising 
from  the  fact  that  basic  steel  usually  is  lower,  and  is  in  that  re- 
spect a  better  material.  When  especially  low  sulphur  steels  are 
required — ^under  0*05  per  cent,  sulphur — they  can  be  made  with- 
out much  difficulty  other  than  reduced  output — ^which  must  be 
accepted.  The  conditions  for  its  removal  in  the  furnace  are :  (1) 
a  more  basic  slag,  and  (2)  a  higher  temperature,  or,  in  the  language 
of  the  fumacemen,  ''  a  thick  slag  and  a  strong  boil."  Sulphur  is 
slow  to  move  (but  does  not  '*  go  back  "  Uke  phosphorus),  and  the 
slag  should  be  rather  *'  thick  "  from  the  beginning  in  order  to 
ensure  its  removal  by  the  time  the  carbon  reaches  the  desired  point. 
The  tendency  of  both  these  conditions  is  to  reduce  the  percentage 
of  acids  in  the  finishing  slag,  or,  in  other  words,  to  increase  the 
make  of  slag  at  the  expense  of  output  of  steeL  Its  CaO  contents 
may  rise  to  56  per  cent,  or  more,  and  the  total  acids  fall  to  18 
per  cent,  or  less — indicating  some  50  per  cent,  increase  in  slag 
make.  For  instance,  if  from  100  tons  charged,  the  total  acids 
amount  to  5*40  tons,  the  make  of  normal  slag  containing,  say, 
27  per  cent,  of  acids  is  5-40  -r-  0-27  =  20  tons  ;  whereas  the  make 
of  an  abnormal  slag  containing  only  18  per  cent,  total  acids  will 
be  5'40  ~  0'18  =  80  tons — an  increase  of  50  per  cent,  in  slag 
production.  The  lime  consumption  is  still  further  increased, 
for  instead  of  being  one-half  the  slag  make  as  usual,  it  becomes 
56-7-96  X  80  =  17'5  tons — ^an  increase  of  75  per  cent.  The 
percentage  of  P3O5  is  also  reduced  to  two-thirds  of  what  it  should 
be,  and  the  efifect  on  output  of  steel  and  costs  generally  is  serious. 
One  need  hardly  urge  the  necessity  of  avoiding  such  practice 
without  very  good  reasons — ^and  extras.  Unfortunately,  in  the 
blast-fumskce,  silicon  and  sulphur  move  in  opposite  directions — 
sulphur  decreasing  with  higher  siUcons,  and  vice  versa.  Choice 
may  be  made  and  limits  specified  for  either,  but  not  both,  and 
the  usual  practice  is  to  compromise  by  aiming  at  1-00  per  cent, 
silicon  with  0*10  per  cent,  sulphur — ^which  leaves  a  working  margin 
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either  way  to  both  blast-fumaoes  and  steelworks.  Phosphorus  is 
rarely  mentioned  in  basic  iron  specifications  ! 

It  is  frequently  observed  that  when  a  furnace  has  been  delayed 
for  any  reason,  and  the  slag  undesignedly  has  got  into  the  above 
condition,  the  sulphur  contents  of  the  steel  are  unexpectedly  and 
unusually  low  without  any  attempt  to  make  them  so. 

Pig  Irons. — ^For  the  purpose  of  calculation  and  comparison 
of  the  various  processes,  typical  pig  irons  have  been  selected  as 
under  and  are  taken  as  standards  throughout  these  calculations. 


C. 

Si. 

P. 

Mn. 

1.  Hsmatlte— mixed  Nos. 

2.  Hsmatite— speoial 

3.  Common  foi^    . 

4.  Common  bade    . 
6.  "Thomas"  special 

3-80 
3-20 

3-60 

3-20 

3-20 

2-60 
1-00 

1-80 

100 

0-00 

006 
006 

1-50 

1«2« 

2-25 

l-OO 
080 

0-60 

1-20 

2-20 

Natural  h«matite  iron 

Special  h«matite  (American 
"Bessemer") 

Natural  iron  (OeTeland,  North- 
ante) 

Low  silicon  iron  with  propor- 
tion of  foreign  ores 

Continent«l— mgh    phosphorus 

An  appropriate  iron  has  been  selected  for  detailed  calculation 
by  each  process  as  under,  and  the  results,  together  with  those 
of  other  possible  irons,  are  tabulated  for  comparison : 


Hot  Mdal  Pnce$8es. 

1.  Bessemer  acid  process  with  direct  molten  iron— hematite  (mixed  Nos.) 

2.  „       basic         „  „  „     —"Thomas." 

3.  Open-hearth  basic    „  „  „    — common  forge. 

Scrap  and  Cold  Pig  ProeesHS. 

4.  Open-hearth  acid  process  with  00  per  cent,  scrap,  60  per  cent  pig— hematite  (mixed 

Nos.). 

5.  Open-hearth  basic  process  with  60  per  cent,  scrap,  60  per  cent,  pig — common  focge. 

6.  Open-hearth  "  Martin "  process  witn  76  per  cent,  scrap,  26  per  cent.  ] ' 


Ditflex  ProccBHB. 

7.  Acid  Bessemer  and  basic  open-hearth,  with  direct  molten  metal— common  forge. 

8.  Basic  open-hearth  (mixer)  and  basic  open-hearth,  with  direct  molten  metal->common 

forge. 

9.  Basic  Bessemer  and  basic  open-hearth,  with  direct  mdten  metal— common  forge. 
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Bessemer  Aoid  Process,  with  Molten  Hjbmatite 
Iron  (Mixed  Nos.). 

OxidcUion  Table, — If  the  steel  when  blown  is  to  contain  0*20 
per  cent,  carbon ;  siUcon,  trace ;  manganese,  trace,  there  will 
be  oxidised  per  100  tons  of  metal  charged  : 

ToiiB.  Tons.  Tons. 

Carbon      from  3*80  to  0-20  ^  3*60  requiring  oxygen  4-80,  prodaoing  8*40  CO  gas 
SiUoon  „   2-60  „    ...  -  2-50         „  „      2-86        „  5-36  SiO. 

Manganeie    „   1-00  „   ...   »  1-00        ,,  „      0-29       „  1*29  MnO 


Totals 


710 


7-96 


6-65  solids 


Blast. — Taking  normal  air  at  10°  C.  and  750  mm.  pressure, 
mider  which  conditions  it  will  contain  approximately  0*290  tons 
of  oxygen  per  1000  cubic  metres,  and  assuming  all  carbon  burnt 
to  CO  and  no  free  oxygen  to  pass  through  unconsumed — there 
will  be  required  not  less  than  10  (7-95  -^  0-290)  =  274  cubic 
metres  of  free  air  per  ton  of  iron. 

Slag, — If  the  slag  is  to  contain  65  per  cent,  acids  (SiOj),  the 
total  slag  make  will  be  5-86  4-  0-65  =  8-25  tons ;  made  up 
approximately  as  under : 


Per  Cent. 

SiO,     . 

6-36  tons  -  65-0 

MnO     . 

.       1-29    „     -  16-6 

PeO      . 

.       1-60    „     -  19-4  (Fe  -  1-24  tons) 

ToUl 


8-25 


-1000 


Yield, — The  Metallic  Losses  and  Balance  Sheet  are  approxi- 
mately as  under : 


Dr,  MetaUio  charge 

Ferro  alloys  (say)    . 

.     10000 

Cr.  Metalloids  oxidised 

710 

0-70 

Fe  (as  oxide)  in  slag 

1-24 

Mechanical  losses)  .^. 
VoUtilised  .       .  ;  ^"^y^  ' 

600 

Yield— ingots  and  scrap  . 

.      86-36 

Total 


100-70 


Total 


100-70 


N.B, — It  is  well  known  that  in  the  early  and  cooler  stages  of 
the  blow  CO2  is  largely  produced,  and  that  it  falls  off  later  as  the 
temperature  rises — ^probably  due  to  a  portion  of  the  blast  passing 
through  the  metal  unconsumed  and  burning  the  CO  to  00^ 
above  the  surface  of  the  metal.    Correspondingly  more  blast 
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is  required  than  as  calculated  for  CO,  as  above,  but  it  is  easily 
supplied,  and  does  not  affect  the  calculations  in  any  other 
way. 


Bessemer  Basic  Process  with  Molten  **  Thomas  " 

Iron. 

Oxidation  Table. — If  the  steel  when  blown  is  to  contain  0*20 
per  cent,  carbon,  0'05  phosphorus,  and  0'20  manganese,  there 
will  be  oxidised  per  100  tons  of  metal  charged : 


Carbon 
Silicon 
PhoBphorus 
Manganese 


Tons.  Tons.  Tons, 

from  3*20  to  0-20  »  3-00  requiring  oxygen  4-00,  producing  7-00  CO  gas 


0-60  „  ...  =  0-60 
2-26  „ 006 -2-20 
2-20  M 0-20  «  200 


Totals 


7-70 


M  0-57 
2-84 
0-68 

7-99 


1-07  810, 
„        604  P,0, 
2-68  MnO 

„        8*69  solids 


Blast — Taking  normal  air,  assumed  dry,  at  0-290  tons  of 
oxygen  per  1000  cubic  metres — as  before — there  will  be  required 
not  less  than  10(7 -99  -^  0-290)  =  276  cubic  metres  of  free  air 
per  ton  of  iron. 

Slag. — If  the  slag  is  to  contain  28  per  cent,  acids  (SiOj  +  P2O5), 
the  slag  make  will  be  approximately  6-11  -^  0-28  =  21-82  tons 
of  slag,  to  make  which  there  is  required  burnt  lime  (at  96-0 
per  cent.  CaO  in  lime  and  50  per  cent.  CaO  in  slag)  =  11-3  tons. 
The  composition  of  the  slag  will  be  approximately : 


SiO, 

P.O. 

MnO 

CaO 

MgO 

A1,0« 

FeO 


Totals 


Per  Cent. 

107  t^ns 

-    4-9 

6-04    „ 

-  231 

2-58    „ 

-  11-8 

10-91     „ 

«  60-0 

0-87    „ 

»    40 

...      f, 
1-36    „ 

-     6-2  (Fe 

21-82    „ 

-lOO-O 

106  tons) 


Yield. — The  Metallic  Losses  and  Balance  Sheet  are  approxi- 
mately as  under  : 


Dr.  Metallio  charge 
Ferro  alloys  (saj) 


Total 


100-00 
0-70 


100-70 


Cr.  Metalloids  oxidised  . 
Fe  (as  oxide)  in  slag 
Mechanioal  losses )  ... 
Volatilised  .       .  i  ^^^f  • 
Yield — ingots  and  scrap    . 

ToUl 


7-70 
106 

600 

86-96 

100-70 
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Bessemer  Process.    Tabulated  ResuUs 

f€f  100  Tor^  of  Iron  charged. 

Pig  Iron  UBed. 

Add  Ftooess. 

Bade  Process. 

Hem.M.Kos. 

Spec.  Ha&m. 

Com.  Forge. 

"  Thomas.** 

Oxygen  required  (tons) 
Eqoiyalent  air  per  ton 
ToUl  produota  to  slag 

7-95 

270  M< 

6-65 

5-31 

183  M> 

801 

8-54 

294  M3 

7-94 

7-90 

276  M« 

8-69 

Total  acida        .... 

Slag  fMk«  at  65  per  cent  SiO.   . 

„        ,,     „  28  per  cent,  acids  . 

Bamt  lime  (for  50  per  cent  CaO) 

5*36 
8-26 

... 

2-14 
3-30 
... 

7-30 

26-0 
13-5 

6-11 

21-8 
11-3 

Slag  Analysis: 

/'SiO.  . 

P.O.. 

MnO. 

CaO  . 

MgO. 

Al,0.. 
^FeO  . 

5-36  -  650 
1*29  '^  15-6 

1-60 -19-4 

214  -  66-0 
0-87  -  26-4 

0-29-    8-6 

3-86  -  14-8 

3-44  -  13-2 

0-64-    2-5 

at  50-0 

..    40 

403-15-5 

1-07-    4-9 

504  -  231 

2-58  -  11-6 

at  50-0 

„    4-0 

1-35-    6-2 

Totals     . 

8-25- 1000  1  3-30=.  1000 

2600-100-0 

21-82-100-0 

MttaUic  Balance  Sheet: 
Dr.  Metallic  charges  . 
Ferro  alloys  (say) 

Totals     . 

Of.  Metalloids  oxidised 
Fe  (as  oxide)  in  slag     . 
Mechanical  losses  \  .. 
Volatilised.        .}(«»y) 
Yield— ingots  and  scrap 

100-00             10000 
0-70       i          0-70 

100-00 
0-70 

100-00 
0-70 

100-70             100-70 

100-70 

100-70 

710       1 
1-24       , 

6-00 

86-36 

4-60 
0-22 

6-00 

89-88 

7-10 
.    2^ 

6-00 

84-68 

7-70 
1-05 

6-00 

85-95 

To 

bals     . 

• 

100-70 

100-70 

100-70 

100-70 

N.B. — ^MnO  being  more  volatile  than  FeO  will  usually  be 
lower  than  as  calculated  above — ^its  place  being  taken  by  FeO, 
with  consequent  slight  increase  in  Fe  loss  (as  oxide)  in  the  slag. 


Basic  Opbn-Heakth  (Talbot)  Process  with  Direct  Molten 
Metal — Common  Forge  Iron. 

Oxidation  Table. — ^If  the  steel  before  tapping  is  to  contain 
0*20  per  cent,  carbon,  0*05  phosphorus,  and  0*10  manganese, 
there  will  be  oxidised  per  100  tons  of  metal  charged : 
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OuboD 
SiliooQ 
PhMphoms 
Maoganeee 


Tons.  Tons.  Tons, 

from  3-00  to  0-20  —  3*30  requiring  oxygen  4*40  and  prodocing  7-70  00  gai 


1-80  „  ...  -  1-80 
1-65  „  0-06  -  1-50 
0-60  „  0-10  -  0-50 


Totals 


710 


206 
1-94 
014 

8*64 


8-86  SiOt 
3-44  P,0. 
0-64  IfnO 

7-94  solids 


Oxides. — If  supplied  as  PeaOs,  this  oxygen  would  represent 
8-64  -r  0*80  =  28-5  tons  Fe^Os ;  or  of  ore  containing  65  per 
cent.  Pe  (70  4-  65  X  28-5)  =  30-8  tons  of  ore,  introducing 
20-0  tons  of  Fe  ;  and  also  SiO,  (at  3-0  per  cent.)  =  0-08  X  80-8  = 
0-92  tons. 

Slag  Make,  Lime,  dc. — The  total  acids  present  now  are : 

Tons. 
i9tOa from  the  iron 3-86) 

„      „    ore 0-92  \  —  5*08  tons  SiOg. 

„  „  lime  (say)  ....  0-30' 
PtOt   „      M  iron 8-44 

Total    ....     8-52 

As  the  slag  is  to  contain  28  per  cent,  acids  and  48  per  cent. 
CaO,  the  total  slag  make  will  be  8-52  -^  0-28  =  80-4  tons  ;  and 
the  burnt  lime  required  (at  96  per  cent.  CaO)  will  be  exactly 
half  =  15-2  tons. 

Slajg  Analysis. — The  composition  of  the  slag  will  be  approxi- 
mately as  under : 


BiO. 

508  tons-    16-7 

1^6    : 

3-44    „    -    11-3 

0*64    ,,     «     2-2 

CaO. 

.  at  48-0 

MgO          .         .         . 

.  „      50 

Al,0„  Ac. 

.         .  „      20 

FeO. 

4*50  tons  -    14-8  (-  3-50  tons  Fe) 

Totals     . 

30-4    „     -1000 

The  Metallic  Balance  Sheet  will  be  approximately  as  under : 


Dr.  Metallio  charge 
Fe  from  ore 
Ferro  alloys  (say) 


Total 


lOO-OO 

2000 

0-70 


120-70 


C>.  Metalloids  oxidised    . 
Fe  (as  oxide)  in  slag . 
Mechanical  losses  )  .^. 
Volatilised  .      .  i  t"*y^ 
Yield — ingots  and  scrap 

Total    . 


7-10 
3-50 

400 

106*10 

120*70 
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Basic  OpenrHearth  (TaJbot)  Hot  Metal  Process.     Tahulated  ResuUs 
per  100  Tons  of  Pig  Iron, 


1. 

8. 

8. 

4. 

5. 

Pig  Iron  Used. 

Hmm. 
(M.  Nos.). 

Hsm.  (Spec.) 

Com.  Forge. 

Com.  Basic 

"  Thomas." 

MetalloidB  ozidifled  (tons) 

710 

4-60 

710 

6-20 

7-70 

Oxygen  required 

7-96 

6-31 

8-64 

6-98 

7-99 

Equivalent  Fe,0.  at  70  pe 

r 

cent.  Fe 

26-2 

17-6 

28-6 

23-3 

26-7 

Equiyalent  ore  at  66  pe 

r 

cent.  Fe 

28-2 

191 

•    30-8 

261 

28-8 

Fe  introduced  . 

18-3 

12-3 

20-0 

16-3 

18-7 

SiOi  introdaoed  at  3  pe 

r 

cent,  of  ore   . 

0-84 

0-68 

0-92 

0-76 

0-86 

Adds:         (from  met*l 

6-36 

214 

3-86 

214 

1-07 

SiOi        „    oxides 

0-84 

0-68 

0-92 

0-76 

0-86 

I     „    lime 

0-22 

010 

0-30 

0-21 

0-26 

P.O.        „    metal 
Total  acids 

. 

... 

3-44 

2-76 

604 

6-42 

2-82 

8-62 

6-85 

7-23 

Slag  make  (at  28  per  cent 

acids)  . 

22-92 

101 

30-4 

20-9 

26-9 

lime  required  (for  48  pe 
cent.  CaO)    . 

r 

11-6 

60 

16-2 

10-5 

130 

Slag  Analysis : 

rSiO, 

6-42  =  280 

2-82  -  28-0 

608  -  16-7 

3-10  -  14-8 

219-    8-4 

P.O. 

...        ... 

3-44  =  11-3 

2-76  «  13-2 

604  =  19-6 

MnO 

1-29-    6-6 

0-87=    8-6 

0-64-    2-2 

1-29-    6-2 

2-58  -  100 

- 

CaO 

at  480 

at  48-0 

at  480 

at  480 

at  48-0 

MgO 

„    50 

»    60 

„    60 

„    60 

„    60 

Al.O. 

.,    20 

„    2-0 

„    20 

»    2-0 

M    2-0 

VFeO 
Totals       . 

2-61  »  11-4 
.    22-9 -1000 

0-86=    8-4 

4-62  -  14-8 

2-26  »  10-8 

1-81-    70 

101  -1000 

30-4  - 1000 

20-9  -100-0 

26-9  =  1000 

Metallic  Balance  Sheet  : 

7>.  Metallic  charge  . 

10000 

10000 

100-00 

100-00 

100-00 

Fe  from  ore 

18-30 

12-30 

20-00 

16-30 

18-70 

Ferro  alloys  (say) 
Totals       . 

0-70 

0-70 

0-70 

0-70 

0-70 

11900 

11300 

120-70 

11700 

119-40 

Cr.  Metalloids  oxidised 

7-10 

4-60 

7-10 

6-20 

7-70 

Fe  (as  oxide)  in  slag 

203 

0-66 

3-60 

1-76 

141 

Mechanical  losses )  ^ 
Volatilised.         .;■• 

y          4-00 

4-00 

400 

4-00 

400 

Yield — ^ingots  and  sen 

ip      106-67 

103-74 

10610 

105-04 

106-29 

Tota 

]»   . 

11900 

11300 

120-70 

11700 

119-40 
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Cold  Pia  and  Scrap  in  Hot  Metal  Open- 
Hearth  Basio  Praotioe* 

A  proportion  of  cold  steel  scrap — up  to  50  per  cent. — msi,y 
sometimes  be  worked  to  advantage  in  direct  hot  metal  practice, 
especially  with  a  common  iron,  and  has  the  effect  of  diluting 
the  impurities  of  the  iron  and  so  reducing  the  consumption  of 
lime  and  the  make  of  slag  in  similar  proportion.    The  oxides 
consumption  and  the  metallic  yield  will  fall  in  heavier  propor- 
tion, owing  to  the  large  amount  of  metal  oxidised  in  heating  up 
the  cold  pig  or  scrap.    To  avoid  chilling  the  molten  metal 
all    cold    pig   and    scrap,    together   with    most    of    the    lime 
and  oxides  required,  should  be  charged  first  and  well  heated 
before  the  metal  is  poured  in.    How  far  this  heating  should  be 
carried  is  a  matter  of  judgment ;  for  if  not  hot  enough  the  metal 
will  chill — or  even  set — on  the  bottom  and  round  the  cold  stock, 
and  a  long  time  will  be  spent  in  getting  heat  to  **  lift  "  it  before 
a  "  clear  "  boil  will  set  in.    On  the  other  hand,  if  overheated — 
say  to  the  point  of  incipient  fusion — and  heavily  oxidised,  a  violent 
reaction  immediately  occurs  with  the  molten  iron,  and  the  furnace 
boils  over;    the  half -spent  slag^  laden  with  excess  oxide,  &c., 
pouring  out  of  the  slag  notches  and  doors  to  waste.    This  is 
the  principle  of  the  ''  Monell "  process*    Such  reactions  do  the 
furnace  no  good,  and  a  heavy  foaming  slag  is  usually  left  which 
takes  some  time  to  *'  clear."    There  may  not  then  be  enough 
of  it  left  to  do  the  work,  and  fresh  additions  of  lime  and  oxides 
(cold)  are  needed  to  make  good  the  loss  and  complete  the  process. 
Considerable  loss  of  time  and  output  as  well  as  of  materials 
results.    A  mean   should  therefore  be  aimed  at  between  these 
limiting  conditions— just   short   of  getting   such   reactions — at 
which  neither  the  molten  metal  is  chilled,  nor  the  slag  lost  as 
above,  and  a  "  clear  boil  **  obtained  in  the  minimum  of  time 
withont  loss  of  heat  or  of  material.    With  a  little  experience  on 
a  given  furnace,  a  rule  can  be  laid  down  stipulating  a  definite 
time  allowance  (say  two  hours)  for  heating  the  scrap,  &c.,  before 
the  metal  is  charged. 

The  calculations  and  results  are  similar  to  those  for  ordinary 
cold  pig  and  scrap  charges  of  similar  proportion  (due  allow-* 
ance  being  made  for  the  absence  of  sand),  provided  no  sl^g  be  lost 
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by  such  reactions.  If  a  refining  mixer  plant  is  attached  to  the 
basic  open-hearth  steel  department,  it  may  be  used  within  its 
heating  capacity  for  melting  steel  scrap ;  and  the  metal  will  be 
improved  for  the  steel  furnaces  in  being  diluted  with  nearly 
pure  iron,  in  which  the  chief  metalloid  is  manganese.  Steel 
scrap  has,  of  course,  no  direct  oxidising  effect  on  the  molten 
iron,  but  will  reduce  its  carbon,  silicon,  and  phosphorus  con- 
tents by  dilution;  its  effect  on  the  manganese  depending  on 
the  percentage  of  manganese  it  contains.  However,  both  silicon 
and  manganese  are  subject  to  oxidisation  in  the  refining  process. 
Scrap  melting,  however,  requires  heat,  and  can  only  be  done  at 
the  expense  of  refining,  unless  the  mixer  has  capacity  to  spare. 


Cold  Pio  Iron  and  Scrap  Froobsses. 

Where  cold  pig  iron  and  scrap  are  to  be  used,  account  should 
be  taken  of 

1.  The  average  analysis  of  the  mixture. 

2.  The  sand  coating — ^if  any — on  the  pig  iron. 
8.  The  oxidation  of  the  charge  in  melting  down. 

The  last  item  is  somewhat  variable  and  indeterminate, 
depending  largely  on  the  local  furnace  and  melting  conditions, 
and  time  taken  in  charging  and  melting  down,  &c.  It  may  be 
assumed,  however,  that  both  pig  iron  and  scrap  are  equally 
liable  to  oxidation  by  the  flame,  so  that  the  whole  charge  should 
be  dealt  with  on  the  same  lines.  Further,  by  analogy  with 
reheating  (mill  furnace)  practice,  it  seems  probable  that  the 
Fe  loss  will  range  between  4  and  6  per  cent. — say,  5*0  per  cent, 
mean,  and  that  the  Fe  thus  lost  will  exist  as  the  magnetic  oxide, 
Fe,04,  containing  approximately  72-5  per  cent.  Fe  and  27*5 
per  cent,  oxygen.    The  figures  will  then  be  approximately : 

Loes  in  melting  down  (say)  0*0  per  cent,  of  the  total  weight  charged. 
Equivalent,  FosOa  ■-  7*00  per  cent,  (approximately). 
Oxygen  brought  in  ■■  1*90         „  ,, 

These  assumptions  and  values  may  not  be  strictly  correct, 
but  they  will  serve  as  a  basis  for  calculations,  and  will  be  found 
reasonably  accurate. 
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1.  Acid  Open-Hearth  Process,  with  50  per  Cent  Hcematite 
Iron  and  50  per  Cent  Scrap. 

The    average    analysis    per    100     tons    charged    will    be 
approximately : 

Ckffboa      from  60  tons  of  hiematite  at  3*80  per  cent.  ■»  l-OO  tons  \  ^  q-qq  ner  oent 

„      50      „        scrap         „  (say)  0-20        „       -  0-10    „     J  »^ 

Silicon        „     60      „       luematite  ,,  2*60 

„      60      „       scrap         ..(say)  0-10 

Manganeae  ..     60      ,.       hnmatite  „  1*00 

„  ;,     60      „       scrap         „  (say)  0-60 


=  006    ,.     /  "  ^  ^" 

-  0-60    „     1        0  80 

-  0-30    „     I  -  0  80 


Oxidation  Table. — If  the  steel  before  tapping  is  to  contain 
0*20  per  cent,  carbon,  0-10  silicon,  and  no  manganese,  there 
will  be  oxidised  per  100  tons  charged : 

Carbcn      .        .  1*80  tons  reqairing  oxygen  -■  2-40  tons  and  produ<)pg  4-20  tons  CO  gas 
SiUoon      .         .  1-20    „  „  .,      -  1-37     „  ,.  2-67    „    SiO, 

Manganese        .  0-80    ..  .,  ,.      « 0*23     „  ..  1-03    ..    HnO 

Totals        .  3-80    „  „  „      -  4-00     „  „  3-60    „    aoUda 

Oxides. — Against  this  4  tons  of  oxygen  required,  there  is  the 
1«90  tons  supplied  by  the  melting  down  of  the  charge,  leaving 
only  2-10  tons  to  be  supplied  by  additions — equivalent  to  2*10  -r 
0-30  =  7*00  tons  of  Fe^Os.  If  supplied  as  ore  containing  65 
per  cent.  Fi^  and  3'0  per  cent.  Si02,  the  quantity  required  wiU  be 
approximately  7*52  tons  of  ore,  introducing  4*90  tons  Fe  and  0*22 
tons  of  SiOj. 

Slag. — The  total  SiO,  present  is  now  : 

Tons. 

8i0t  Oxidised  from  the  charge  ....    2*67 

Sand  allowance  at  ^  cwt.  ....    0*62 

Brought  in  by  ore 0-22 

Total 8-41 

If  the  slag  is  to  contain  50  per  cent.  SiO^  the  total  slag  make 
will  be  8*41  -=-  0*50  =  6*82  tons  ;  made  up  as  under : 

SiO, 3-41  tons  -  60-0 

MnO 103    „    -  16-1 

Al|0«,ftc at   2-0 

FeO 2*26    ,,    -  32-9  (Fe  -  1-76  tons) 

Totals 6-82    ,,    « 100-0 
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The  Metallic  Balance  Sheet  will  be  approximately  as  under  : 


Dr.  HetaUio  charge  .  .  .  lOO-OO 
Ke  from  ore  .  .  .  .  4-90 
Ferro  alloyi  (say)  .         .  0-70 


Total  .     10600 


Or,  Sand  allowance  0-62 

MeUlloidfl  oxidised  3-80 

Fe  ^M  oxide)  in  slag      .  1'75 

Meohanioal  losses  \  f^.  aM% 

Volatilised  .     .     r"y>  2-00 

Yiekl— ingots  and  scrap  9748 

Total         .        .  10/HW 


Note. — The  effect  of  adding  lime  or  limestone — a  more 
powerful  base  than  FeO,  and  therefore  permitting  a  higher  per- 
centage of  SiOj  in  the  slag — ^is  important ;  and  is  well  illustrated 
by  the  calculation  of  the  slag  as  under.  For  a  slag  to  contain 
60  per  cent.  SiO)  and  10  per  cent.  CaO,  the  total  make  of  slag 
will  be  about  3*41  -r  0-60  =  5-69  tons  ;  made  up  as  under  : 


SiO,     . 

.  3-41  tons  -  eO-0 

MnO    . 

.  1-03    „    -  181 

CaO      . 

Al,0.,&o.     . 

.         .         .    "    „     20 

FeO     .        . 

.  0-66    .,    -    9-9  (Fe  «  0-44  tons) 

Totals    .  .  6-69    .,     « 100-0 

This  indicates  a  saving  in  the  loss  of  Fe  as  oxide  in  the  slag 
of  over  H  per  cent,  (a  gain  of  over  IJ  per  cent,  in  the  yield), 
together  with  a  20  per  cent,  saving  in  the  weight  of  slag  made 
(and  to  be  handled),  which  in  itself  should  tend  to  increase  the 
output  of  steel.  It  should  be  fed  into  the  furnace  whefi  normally 
the  first  feed  of  ore  would  be  given — ^thereby  liberating  the 
excess  oxide  in  the  slag — which  method  is  found  to  give  the 
best  results  in  practice. 
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Acid  Open-Hearth  Process.    HcanatUe  Iron  {M.  Nos.)  Scrap. 
Results  per  100  Tons  Charged. 


33  per  Gent 

60  per  Oent. 

67  per  Cent. 

Metalloida  oxidked      .        .        .        . 
Oxygen  leqaired           .... 
Lev  Fe^«  made,  oxygen  equiyalent 
Oxygen  required  from  oxides 
SqmValent  Fe.Os  (70  per  cent.  Fe) 
Equiyalent  ore  (at  65  per  cent  Fe) 

Fe  introdnoed 

SiO«  introduced  (at  3  per  cent.)    . 

4-87 
5-28 
1-90 
3-38 
11-30 
1215 
7-91 
0-36 

8-80 
4-00 
1-90 
2-10 
7-00 
7-52 
4-90 
0-22 

2-73 
2-73 
1-90 
0-83 
2-77 
2-98 
1-94 
009 

Adds:             /from  metal. 

SiO,        „    aand  allowance    . 
I    „    ore     . 

ToUlacidfl      . 
Slag  fnait  (for  50  per  cent.  SiO.) . 

3-43 
0-62 
0-36 

2-67 
062 
0-22 

1-72 
0-62 
0-09 

4-41 
8-82 

3-41 
6-82 

2-43 

486 

Siag  AndtjsU: 

[S?S5    :    :    : 

^  AUG.  .to.       .       . 

4-41-   60-0 

M2-    12-7 

at  20 

3-12-  35-3 

3-41-    60O 

103-    15-1 

at20 

2-26-    32-9 

2-43-    500 

0-94-    19-3 

at  2-0 

1-39-    28-7 

Totals      .     -    . 

8-82  -  1000 

6^82  -  lOOO 

4-86 -lOOO 

MelaUie  Balance  Sheet  : 
Dr,  MeUUio  charge     .... 
Fe  from  ore         ...         . 
Ferpo  alloys         .... 

ToUls     . 

100  OO 
7-91 
0-70 

ICO-CO 
4-90 
0-70 

10000 
1-94 
0-70 

108-61 

106-60 

102-64 

Or.  Sand  allowance     .... 
MeUUoidii  oxidised 
Fe  (as  oxide)  in  slag      . 
Mechanical  losses  ^   .. 
VoktOised      .      i  (••yJ        • 
Yield— ingots  and  scrap 

0-62 

4-87 

•     2-43 

2-00 

98-69 

062 
3-80 
1'75 

200 

97-43 

0-62 
2-73 
1-08 

2-00 

96-21 

Totals      . 

108-61 

106-60 

102-64 
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2.  Basic  Ofen-Hearth  Process,  mth  50  per  Cent  Common 
Forge  Iron  and  50  per  Cent  Steel  Scrap. 

.The  average  analysis  of  the  charge — 100  tons — will  be  : 

Carbon       from  60  tona  of  pig    at  3-50 .per  cent  =»  1'76  tons  \       i  ok  «^. * 

„  60  „  Scrap „  (say)  020  *^  „  =  010  ,.    )  "  ^'^  ^^  *«"*• 

SUioon           „  60  „  pig     „           1-80        „  =  0-90  „     >  _ «  or 

„  60  „  scrap':,,  (say) 010        „  -006  „/""**        " 

Phosphorus    „  60      „  pig     „            1-60       „  =  0-76  „     \  _  n.Tft 

„  60  „  scrap  „  (say) 006        „  -003  „     /       "^" 

Manganese    „  60  „  pig       „           0-60        .,  » 0-30  ,,1       ^^^ 

„  60  „  scrap  „  (say)  0-60       ..  -.0-30  „    /""^        " 

Oxidation  Table. — If  the  steel  before  tapping  is  to  contain  0*20 
per  cent,  carbon,  O-OS  phosphorus,  0*10  manganese,  and  no 
silicon,  there  will  be  oxidised  per  100  tons  charged : 

Gkrbon     «  .1*66  tons  reqairing  oxygen  —  2*20  tons  and  producing  3*86  tons  CO    gas 

Silicon       .  .  006     „  „  „      -  108    „  „  203    „     SiOg 

Phosphorus  .  0'76     „         „  ,,      -  0-97     „  „  1-72    „    P.O. 

Manganese  .  0-60     „         „  „      -  016    „  „  006    „    MnO 

Totals        .  3-86      „        „  „      -  4-40    „  „  4-40    „    solids 

Oxides. — Against  this  440  tons  of  oxygen  required  there  is 
some  1*90  tons  supplied  by  the  oxidation  of  the  charge  in  melting, 
leaving  only  2*50  tons  to  be  supphed  by  ore  additions — equivalent 
to  2-50  -f  0-30  =  8-34  tons  of  FegOj.  If  supphed  by  ore  con- 
taining 65  per  cent.  Fe  and  3-0  per  cent.  SiOj,  the  quantity 
required  will  be  9-0  tons  of  ore,  introducing  5*84  tons  of  Fe  and 
0*27  tons  of  Si02.  Where  there  is  any  appreciable  quantity 
of  PjOs  in  the  ore,  or  of  SiOj  and  PjOs  in  the  lime,  it  should  be 
taken  into  account  here.  The  hme  required  may  be  roughly 
estimated  in  advance. 

Slag  Make,  Lime,  dkc. — The  total  acids  present  now  are : 


(Oxidised  from  the  charge  . 
Sand  allowanoe  at  i  owt.         .  .    0-62     _  o.m  i^. 

Prom  ore.  as  above         .         .  n.«vT  h  -  310  tons 

„     lime,  at  2-0  per  cent,  (say) 
PtOi*   Oxidised  from  the  charge 

Total 4-82 


Tons. 

.     203\ 

.     0-62 

.    0-27 

.     018^ 

.     1-72 

If  the  slag  is  to  contain  28  per  cent,  acids,  the  total  slag  make 
will  be  4-82  -f-  0*28  =  17-20  tons,  and  the  hme  required  to  give 
48.0  per  cent.  CaO  in  the  slag  will  be  8*60  tons. 
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The  slag  analysis  will  be  approximately  as  under : 


SiO, 

P.O. 

MnO 

CaO 

MgO 

A1.0, 

FeO 


3-10  ioQB  ^ 

1-72    „  - 

0-6fi    „  - 

.  at 


Totab 


2*44 
17*20 


180 
100 

3-8 
480 

60 

10 
14*2  (Fe  -  1*90  tons) 


-  1000 


The  Metallic  Balance  Sheet  will  be  approximately : 


Dr,  Metallic  charge 

.      10000 

Cr,  Sand  allowance' 

0-62 

Fe  with  oxides 

6-84 

Metalloids  oxidised  . 

3-86 

Forro  alloys  (say) 

0-70 

Fe  (as  oxide)  in  slag 

1-90 

Mechanical  losses  [  .. 
Volatilised     .     .  \  (*y'  • 

3-00 

Yield — ingots  and  scrap  . 

.       97-17 

Total 


106-54 


Total 


106-54 


[See  Table  on  next  'page. 

8.  Basic  OperirHearth  {Martin)  Process,  with  25  per  Cent 
Common  Basic  Pig  and  75  per  Cent  Scrap. 

The  average  analysis  of  the  charge — 100  tons — ^wiU  be : 


Carbon         from  25  tons  of  pig     at 


Silicon 

ft 
Phosphorus 

f» 
Manganese 


76 
25 
75 
25 
76 
25 
75 


scrap 

pig 
scrap 

P>g 
scrap 

pig 
scrap 


0-32 


3-20  percent  -  0-80  tons  \  _  ^v.^.  ^^  ^. 

(say)  0-20  „  *  0-15     „    /  "  ^  ®^  P*'  **"*• 

100  „  «  0-25 

.(say)  0-10  ,.  -007 

1-25  „  -  0-31 

,  (say)  006  „  -  004 

1-20  „  -0-30 

,  (say)  0-60  „  -  0-45 


} 
} 

I  -  0-76 


0-35 


Oxidation  Table. — If  the  steel  before  tapping  is  to  contain 
0-20  per  cent,  carbon,  0-03  phosphorus,  0*20  manganese,  and  no 
silicon,  there  will  be  oxidised  per  100  tons  of  charge  : 


Carbon  . 
Silicoa  . 
Phosphoms 


0-75  tons  requiring  oxygen  «  1-00  tons  and  producing  1-75  tons  CO  gas 
0-32    „  „  „      -  0-36    „  „         0-68     „    SiO. 

0-33    „  „  ,;      -0-43    „  „         0-76      „    P.O. 

0-55    „         „  „      -0-16    „  „         0-71      „    MnO 


Tot«Is 


1-95 


.1-95 


2-15 


solids 


Oxides. — Against  this  1*95  tons  of  oxygen  required  there  is 
already  1-90  tons  suppUed  by  the  oxidation  of  the  charge  in 
melting,  so  that  no  additions  of  ore  wiU  be  required,  nor  will 
any  Fe  or  SiOa  be  introduced  from  that  source. 
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Basic  Open-Hearth  Process — 50  per  Cent.  Pig  Iron,  50  per  Cent. 
Scrap.    Results  per  100  Tons  Charged. 


Pig  L-on  Used. 

Haem.  (Spea) 

Com.  Forge. 

Com.  Basic 

**  Thomas.'* 

AleUloidfl  oxidised  (tone)   . 

2*68 

3-85 

3-47 

4-22 

Oxygen  reqaiied 

2-84 

4-40 

3-66 

4-17 

Leas  Fei04,  equivalent  oxygen    . 

1-90 

1-90 

1-90 

1-90 

Oxysen  reqniied  (as  FetO»} 
Equivalent  FegOa 

0*94 

2-60 

1-76 

2-27 

312 

8-33 

6-87 

7-56 

Equivalent  ore   (at  66  per  cent 

8-36 

900 

6-32 

8-14 

Fe  introdnoed    .... 

218 

6-84 

411 

5-28 

SiO«  introduoed  (at  3  per  cent,  of 

ow) 

010 

0-27 

019 
118 

0-24 

Aeids  :        (  from  charge   . 

118 

2-03 

0-64 

SiO,  . 

sand  allowance 

0-62 

0-62 

0-62 

0-62 

from  ore        .        . 

010 

0-27 

0-19 

0-24 

^      „    lime      . 

008 

018 

014 

0-16 

P,0,      ,,    ohaige   . 
Total  adds       . 

007 

1-72 

1-42 

2-67 

2-06 

482 

3-56 

4-23 

Slag  make  (at  28  per  cent,  acids) 

7-33 

17-2 

12-7 

151 

lime  required  (for  48  per  cent.  CaO) 

3-66 

8-6 

6-3 

7-5 

Slag  Analysis :  i  SiO. 

1-98 -27-0 

3-10  -  18-0 

213  -»  16-8 

1-66  -  11-0 

P.0, 

0-07-    1-0 

1-72  -  100 

1-42  -  11-2 

2-67  -  17-0 

MnO 

0-77  -  10-6 

0-65-    3-8 

103-    8-1 

1-68  -  111 

• 

CaO 

at  480 

at  48-0 

at  480 

at480 

MgO 
ALO. 

„    6-0 

«    50 

„    60 

M    5-0 

,.    10 

„    10 

M    1-0 

M    1-0 

V  FeO 

0-66-    7-6 

2-44  -  14-2 

1-26  «    9-9 

Ml-    6-9 

Totals  . 

7-33  -  10000 

17-2-  100-00 

12-7  « 100 -00 

16-1  -  100-a 

MadUicBalanuShut: 

Dr.  Metallic  chaxge   . 

100-00 

100-00 

10000 

100-00 

Fe  from  ore         .        .        . 

218 

6*84 

411 

6-28 

Ferro  alloys  (say) 
Total  , 

0-70 

0-70 

0-70 

0-70 

102-88 

106-64 

104-81 

106-98 

Or.  Sand  albwance    . 

0-62 

0-62 

0-62 

0-62 

MetaU(^ds  oxidised       . 

2-68 

3-86 

3-47 

4-22 

Fe  (as  oxide)  in  slag    , 

0-43 

1-90 

0-98 

0-86 

Mechanical  losses »   .^. 
Volatilised      .       }  ^"^y^      ' 

3-00 

3-00 

300 

3-00 

Yield— ingots  and  scrap 

9615 

97-17 

96-74 

97-28 

ToU 

kl       . 

• 

102-88 

106-64 

104-81 

106-98 
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Slag  MaJce,  Lime,  dc- 


8iOg»  Ozidiaed  from  the  charge 

Sand  allowanoe  . 

From  oxides 
„     lime  (say) 
PtO|.  Oxidised  from  tho  charge 


Total 


The  total  acids  present  now  are : 

Tons. 

106  tons 
0-76 
1-81 


Tons. 
.    0-68") 

!  o'-oisj 


If  the  slag  is  to  contain  28*0  per  cent,  acids,  the  total  slag 
make  will  be  1-81  -f  0*28  =  6-47  tons,  and  the  lime  consumption 
to  give  48  per  cent.  CaO  in  the  slag  will  be  approximately  3*24 
tons. 

The  composition  of  the  slag  will  be  approximately : 


SiO, 

P.0, 

MoO 

CkO 

MgO 

A1.0. 

FeO 


1-06  tons  — 

0-76    „     - 

0-71    „      - 

at 


Totals  . 


0-49 
6-47 


16-3 
11-7 
110 
48*0 

60 

10 

7-0  (Fe  -  0-36  tons) 


-  100*0 


The  Metallic  Balance  Sheet  will  be  approximately ; 


^  Metellic  charge 

.  100-00 

Cr,  Sand  allowance 

0-31 

Fe  from  oxides 

.             •             ••. 

MetaUoids  oxidised  . 

1-96 

Ferro  aHoys  (say)    . 

.       0-70 

Fo  (as  oxide)  in  slag 

0-36 

. 

Mechanical  losses  )  .  .„. 
Volatilised    .       .  P"y'- 

300 

Yield— ingots  and  scrap   . 

.       9608 

Total 


100-70 


Total 


100-70. 
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Bane  Oven-Hearth  {Martin)  Process— 26  per  Cent.  Pig  Iron  and  76  per  Cent. 
Scrap.    Results  per  100  Tons  charged. 


Pig  Iron  Uied. 

1. 

0. 

8. 

4. 

6. 

Hsmatite 
(M.NOS.) 

HBm.(Spec.)- 

Oom.  Forge. 

Oxn.  Basic. 

"  Thomas." 

Oxygen  required 

Low  Fe^4,  equivalent  oxy- 
gen      .... 

Net  oxygen  required 

Equivalent  Fe,0«      . 

Equivalent  ore  at  66  per 
cent  Fe        .         .         . 

Fe  introduced  . 

SiOg  introduced  (at  3  per 
cent.  SiOt)   . 

213 
218 

1-90 
0-28 
0-93 

100 
0-63 

008 

1-66 
1-66 

1-90 

ml  {excess 

0-36) 

212 
2-30 

190 
0-40 
1-33 

1-44 
0-94 

0-04 

112 
0-31 
0-04 
0-09 
0-92 

1-96 
1-96 

1-90 
0-06 

nil 
»» 

2-31 
2-18 

1-90 
0-28 
0-93 

100 
0-63 

003 

Acids:        /from  charge   . 
fl.^     sand  allowance 
^*^«    from  ore 

\    .,   Bme       . 
P.O.      „    charge    . 

Total  aoidfl     . 

1-60 
0-31 
003 
0-07 
007 

0-68 
0-31 

006 
0-76 

0-43 
0-31 
0-03 
0-07 
1-28 

1-98 

2-48 

1-81 

212 

iSfto^ifdke(at28p6roent. 

acida) 
Lime  required  (for  48  per 

7-08 
3*64 

8-86 
4-43 

6-47 
3-24 

7-54 
3-77 

Slag  Analysis  :  /SiO. 

&^    : 

-<CaO 

A1.0.       ! 
\FeO 

TotalB 

1-91-  270 

007-     1-0 

0-64-     90 

at  48-0 

»    60 

M     10 

0-64-     90 

166  -  17-6 

0-92  -  10-4 

0-62  »    Q-9 

at  480 

»    60 

„     10 

1-07"  121 

1-06-  16-3 

0-76  -  11-7 

0-71  -  11-0 

at  48-0 

„    6-0 

..    10 

0-46-    70 

0-84  -  ll-O 

1-28-  170 

103  -  13-6 

at  480 

„    60 

..    10 

0-33-    4-4 

7-08- 100-0 

8-86- 100-0 

6-47-1000 

7-64-100-0 

MetaUic  Balance  Sheet: 
Dr.  MetalUo  charger 

Fe  from  ore        .        , 
Ferro  alloys  (say) 

Total    . 

10000 
063 
0-70 

10000 
0-94 
0-70 

100-00 
0^70 

lOOOO 
0-63 
0-70 

101-33 

101-64 

100-70 

101-33 

Or,  Sand  allowance 

Metalloids  oxidised     . 
Fe  (as  oxide)  in  slag  . 
Mechanical  losses  \  ..„ 
Volatilised  .       .|"*y 
Yield— ingots  and  scrap 

Total 

0-31 
213 
0-60 

300 

96-39 

0-31 
212 
0-83 

3-00 

96-38 

0-31 
1-96 
0-36 

300 

96-08 

0-31    • 

2-31 

0-27 

3-00 

96-44 

101-33 

101-64 

100-70 

101-33 
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"  Duplex  "  Processes. 

These  processes  are  simple  combinations  of  two  standard 
processes — acid  or  basic,  Bessemer  or  open-hearth — ^in  which 
operations  are  carried  a  certain  distance  by  one  process  and  the 
refined  metal  transferred  to  another  furnace  to  be  finished.  The 
oxidation  of  the  various  metalloids  is  as  usual,  and  follows  closely 
the  diagrams  and  tables  given  in  the  standard  works  on  steel — 
silicon  and  manganese  being  oxidised  first,  more  or  less  simul- 
taneously ;  followed  by  carbon ;  and  by  phosphorus  if  the  slag 
be  suflBciently  basic.  The  leading  object  is  to  reduce  the  silicon 
in  the  first  process,  in  order  to  reduce  the  slag  make  and  in- 
crease the  output  of  the  finishing  furnace,  which,  for  the  removal 
of  the  phosphorus,  is  necessarily  a  basic  open-hearth  furnace. 
Duplex  processes  apply  therefore  chiefly  to  phosphoric  irons  in 
districts  where  low  silicon  iron  cannot  be  made  without  high 
sulphur,  or  where  suitable  oxides  are  scarce  or  unduly  expensive, 
as  compared  with  the  iron  itself ;  but  they  may  also  be  used  (if  the 
iron  is  cheap  enough)  for  the  sake  of  large  outputs,  and  the  con- 
sequent economies  in  fuel,  labour,  and  other  charges,  or  to  make 
rich  phosphate  slags  from  moderately  phosphoric  irons.  They 
have  great  disadvantages  as  compared  with  the  direct  processes, 
such  as  double  handling,  plant,  and  losses,  and  an  inherent  ten- 
dency to  produce  over-oxidised  steel,  owing  to  loss  of  manganese 
in  the  first  operation,  resulting  in  low  manganese  in  the  finishing 
process.  The  cost  of  "  blowing  "  in  a  converter,  or  of  **  washing  " 
in  an  open-hearth  furnace  or  mixer,  can  hardly  be  taken  at  less 
than  6s. — or  3s.  6d.  per  ton  (pre-war  levels) — whether  it  be 
recovered  in  the  finishing  process  or  not,  which  will  largely 
depend  on  the  amount  of  work  already  done  on  the  iron. 

There  are  three  workable  combinations  worth  considering 
in  detail,  namely,  the  acid  Bessemer,  basic  Bessemer,  and 
basic  open-hearth  (mixer)  preliminary  refining  processes  in 
combination  with  basic  open-hearth  finishing  furnaces  in  each 
case.  Each  has  its  practical  advantages  and  disadvantages. 
A  storage  and  mixing  vessel  of  some  sort  is  a  practical  necessity 
wherever  molten  metal  is  used,  though  if  no  defining  is  to  be 
dcme,  it  need  be  little  more  than  a  plain  tank.  An  open-hearth 
mixer  furnace  of  ample  capacity  combines  this  duty  with  that  of 
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desiliconising  simultaneously  in  one  furnace  and  at  one  handling. 
For  a  small  output  one  large  mixer  furnace  will  do  ;  but  generally, 
to  ensure  a  regular  grade  of  "  washed  *'  iron,  two  are  preferable — 
the  one  filling  up  and  desiliconising  while  the  other  feeds  the 
finishing  furnace,  as  with  one  only  great  irregularities  are  un- 
avoidable, and  may  largely  neutralise  the  benefit  of  refining. 
They  should  be  of  ample  capacity  and  heating  power;  for  if 
not  large  enough,  they  cannot  refine  the  iron  sufficiently,  and  the 
finishing  furnaces  benefit  but  little.  Two  is  the  most  economical 
number — ^more  would  be  cumbrous — but  they  need  not  be 
limited  in  size,  and  can  be  used  for  melting  scrap  and  cold  pig 
also  if  larger  than  actually  needed.  On  the  other  hand,  a  plant 
consisting  of  a  simple  storage  mixer  and  one  or  two  converters 
will  handle  more  iron  and  do  more  work  on  it — at  the  expense 
of  yield — ^for  a  smaller  capital  cost,  and  with  greatly  increased 
output  from  the  finishing  furnaces  ;  for  the  carbon  is  also  partly 
oxidised — ^in  fact,  it  can  be  blown  if  desired  right  down  to  the  point 
where  the  metal  is  really  a  phosphoric  steel,  though  with  corre- 
spondingly high  metallic  losses.  As  a  rule  this  is  not  desirable  ; 
but  in  special  circumstances  it  may  pay  to  carry  the  process 
as  far  as  possible,  leaving  only  sufficient  carbon  to  give  the 
necessary  boU  for  tapping  heat  in  the  finishing  furnace.  Another 
method  is  to  blow  the  bulk  of  the  charge  down  to  this  point,  and 
add  a  single  ladle  of  raw  pig  iron  for  finishing.  This  is  probably 
the  better  method,  for  it  introduces  a  limited  amount  of  silicon 
and  manganese  as  well  as  carbon,  and  should  not  only  simplify 
finishing  but  improve  the  product.  The  process  is  very  elastic 
and  may  be  carried  to  one  extreme  or  the  other,  either  for  output 
or  economy  as  desired.  Acid  or  basic  lined  converters  may  be 
used,  FeO  and  MnO  being  the  natural  flux  for  SiO^  in  the  former, 
as  against  burnt  lime  (CaO)  in  the  latter,  which  therefore  leaves 
the  metal  lower  in  silicon  and  higher  in  manganese  (and  metallic 
yield)  than  the  acid  converter,  if  not  blown  too  far. 

The  choice  between  the  mixer  and  converter  methods  of 
refining  is  essentially  a  question  of  yields,  and  of  the  relative 
value  of  the  Fe  unit  as  compared  with  the  other  charges  (coal, 
wages,  and  other  items  chiefly  affected  by  output)  in  any 
particular  locality.  The  practical  metallurgy  is  quite  simple 
in  either  case. 
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Silicon,  in  the  preliminary  process,  can  be  almost  completely 
oxidised,  but  the  benefit  to  the  finishing  furnace  diminishes 
with  each  successive  reduction.  In  mixer  practice  0'20-0-40 
per  cent,  silicon  is  generally  considered  low  enough  ;  but  in  the 
converter  it  is  usually  taken  down  to  O^IO  per  cent,  silicon,  or 
under. 

Manganese  is  burnt  out  simultaneously  and  roughly  in  pro- 
portion to  silicon,  though  more  manganese  remains  in  a  basic 
than  in  an  acid-refining  process.  The  more  there  remains  the 
better  for  the  finishing  furnace. 

Sulphur  is  untouched  in  the  acid  converter,  and  remains 
virtually  untouched  under  the  comparatively  siliceous  slag  of 
the  basic  converter  or  mixer,  when  oxidation  has  once  begun. 
In  the  finishing  furnace  it  is  difficult  to  remove  in  the  absence 
of  manganese,  and  the  iron  should  therefore  be  made  low  in 
sulphur  in  the  blast-furnace — ^if  necessary  by  raising  the  silicon. 
The  whole  benefit  of  desiliconising  may  be  very  largely  lost  in 
the  finishing  furnace  in  stewing  out  sulphur. 

Phosphorus  is  of  course  untouched  in  the  acid  converter,  and 
in  the  basic  mixer  or  converter  is  hardly  affected,  provided  the 
temperature  be  low,  so  that  a  comparatively  siliceous  slag  can 
be  carried.  Even  in  the  "  Thpmas  "  process  it  remains  virtually 
untouched  until  all  the  other  metalloids,  including  carbon,  are 
almost  completely  oxidised,  when  the  converter  is  turned  down, 
more  lime  charged,  and  the  phosphorus  eliminated  by  the  '*  after- 
blow."  Practically  the  whole  of  the  phosphorus  is  thus  brought 
forward  to  the  finishing  furnace  and  a  rich  phosphate  slag  results, 
even  from  a  common  forge  pig,  if  pure  (low  SiOj)  oxides  are 
used. 

Carbon. — So  long  as  some  silicon  and  manganese  remain  the 
carbon  is  not  much  affected,  except  that  the  graphitic  carbon 
will  be  mostly  combined — a  considerable  advantage  to  the 
finishing  furnace — and  it  will  usually  remain  between  2'50-3'00 
per  cent.  In  the  converter  it  may  be  blown  down  to  any  extent, 
as  already  mentioned;  but  .as  we  are  mainly  concerned  here 
with  material  economy  as  compared  with  other  processes,  it  may 
be  taken  as  remaining  at  about  1-50  per  cent.,  when  the  silicon 
has  reached  0-10  per  cent. 

fiTo^^:— The  composition  of  slags  from  these  refining  processes 
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most  also  be  taken  into  account.  Their  composition  will  be 
controlled  as  usual  by  the  normal  finishing  temperature  of  the 
processes,  and  suitable  flux  must  be  provided  in  proper  quantity 
to  produce  them.  The  calculations  are  then  quite  simple ;  and 
the  results  are  easily  obtainable  from  the  work  done  on  the 
metal  and  the  average  analysis  of  the  slag  as  run  to  waste.  In 
the  final  operation  they  are  the  same  as  if  the  refined  metal  were 
received  direct  from  the  blast-furnace — ^modified  only  by  the 
factor  of  yield — ^and  the  two  results  may  be  finally  combined 
to  give  a  true  view  of  the  whole  operation. 


Duplex  Process.    I.  Acid  Bessemer  Preliminary  and  Basic 
Open-Hearth  Finishing  Furnace.    Forge  Iron. 

Oxidation  TcAle. — If  the  "blown"  metal  is  to  contain  1-50 
per  cent,  carbon,  0*10  silicon,  1*55  phosphorus,  and  0-05  man- 
ganese, there  will  be  oxidised  per  100  tons  of  metal  charged  : 

Tons.  Toiu.  Tons. 

Carbon        from  3*50  to  1*50  «  2*00  requiring  oxygen  «  2-67  and  prodadng  4*6   CO  gas 
Silicon  „    1*80  „  0*10  -  1*70        „  ,,      <- 1-94     ,,  ,.         3M  SiO. 

Phosphoms    „    1*65  „  1*56 «    nil         „  „       ■> ...  PaO. 

Manganese     „    0*60  „  0-06  -  OM        .,  „      -  0*16     „         „         0*71  MnO 

Totals  .         .    4*26        ,,  ,.  4-77     „  „        4*36  to  slag 

Air  Required. — To  supply  this  4-77  tons  of  oxygen  by  air-blast 
at  0-0290  tons  of  oxygen  per  100  cubic  metres — as  before — ^there 
will  be  required  at  least  4-77  -r  0-0290  =  165  cubic  metres  of 
free  air  per  ton  of  iron. 

Slag. — If  the  slag  is  to  contain  45-0  per  cent.  SiOj  and  15-0 
per  cent.  CaO,  MgO,  Al^Os,  &c.,  the  total  slag  make  will  be 
8-64  -r  0-45  =  8-10  tons,  made  up  approximately  as  under : 


Per  Gent. 

SiO. 

.     3-64  tons  -  46-0 

MnO 

.    0-71    „    -     8-8 

OaO 

mm*.                                   ... 

MgO        .        . 

.     1-21    .,     -    16-0 

A1.0, 

•a.                                        ••• 

FeO 

.    2-50    „    «   31*2  (Fe  -  106  tons) 

■     ■                1 

Totals       • 

.    8*10    „    «  1000 

N.B. — The  burnt  lime  consumption  will  be  approximately 
15-0  per  cent,  x  8-10  =  1-21  tons,  without  which  a  lower  SiOj — 
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probably  40-0  per  cent. — ^would  be  necessary,  and  the  Fe  loss  as 
oxide  would  be  considerably  heavier.  Baw  limestone  is  more 
suitable  for  an  acid  converter,  and  the  quantity  required  would 
be  approximately  2*00  tons. 

Yield. — The    Metallic  Losses  and  Balance   Sheet   are   now 
approximately : 


Dr.  Metallic  charge         .  100-00 

F^  from  ozides         ...         nil 
Ferro  alloys    •         ...        nil 


Total  .  .      lOOKX) 


Cr.  MetaUoidfl  oxidised 
Fe  (as  oxide)  in  slag 
Meohanioal  losses    i  /...  v 
VoUtilised    .        .  t  *"^' 
Yield— refined  iron 


Total  .        .     10000 


Finishing  Process. — The  refined  iron — as  above — ^is  now 
transferred  to  the  basic  open-hearth  finishing  furnace,  and  may 
be  calculated  out  as  usual — ^the  necessary  adjustment  for  the 
reduced  weight  of  metal  brought  forward  being  dealt  with  in 
the  final  summary  of  the  combined  operations. 

Oxidation  Table. — If  the  steel  before  tapping  is  to  contain 
0*20  per  cent,  carbon ;  trace,  silicon ;  0*05  phosphorus,  and  no 
manganese,  there  will  be  oxidised  per  100  tons  of  blown  metal 
charged : 

Tons.  Tons.  Tons. 

Carbon       from  1'60  to  0-20  —  1-30  zeqairing  oxygen  —  1-73  and  producing  3-03  CX)  gas 
Silicon  „    0-10  „    nil   -  010      „  „  -  Oil   „         ,»         0-21  SiOt 

Phosphorus    „    1-66  „  0-06  -  1*60      .,  „  -  1-93  „  „  3*43  P.O. 

Manganese     „    006  „   nil    -  0K)6      »,  „         «'0-01    „         „         006  MnO 

Totals    .        .    2-96      „  „  «  3-78   „        »,  3-70  to  slag 


Oxides. — In  the  form  of  Fefiz  this  oxygen  represents  8*78  -=- 
0*80  =  12*6  tons,  equivalent  to  18*6  tons  of  ore  containing  65 
per  cent.  Fe ;  and  will  introduce  8*83  tons  of  Fe,  and  0*41  tons 
SiOa  (at  3*0  per  cent,  in  ore). 

Slag  Make. — The  total  acids  now  present  are : 

Tom. 
8i0t  firom  the  metal        «  0-21 ) 

,.     „  ore  -  0-41  [- 0-77  toDsSiO, 

„  „  lime  (say)  —  O-IS/ 
P»Og     „      „  metal         -3-43 

Total  adds  .  .     4*20 
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If  the  Blag  contains  28  per  cent,  acids  and  48  per  cent.  CaO> 
the  total  make  of  slag  will  be  4*20 -^0*28  ~  15«0  tons  (requiring 
7*60  tons  of  burnt  lime),  made  up  as  under  approximately : 


Per  Cent. 

SiO, 

.    O-r:  ton*  -      5-2 

P.O.       .       . 

.    3-43    „    -    22-8 

MnO 

.    0-06    ,»    -      <M 

CaO 

.at    49-0 

MgO  ;      . 
Al.0.       .        . 

5-0 

.    „      20 

FeO 

.    2-84          -    15-6       (- 1-22  tons  Fe) 

Total! 


1500 


-  100-0 


Yield. — The  Metallic  Losses    and    Balance    Sheet    will    be 
approximately : 


Dr.  Metallio  charge 
Fe  from  ore  . 
Ferro  alloys  • 


Total 


10000 
8-83 
0-70 


.     10063 


(7r.  MetaUoidfl  ozidiaed   . 
Fe  (as  oxide)  in  slag 
Meohanioal  losses )  ,^. 
Volatilised  .      .  l^^^' 
Yield—ingots  and  scrap 

Total 


2'05 
1-22 

4-00 

101-36 

109*08 


Combined  Residts. — The  net  yield  of  ingots  and  scrap  per 
100  tons  of  original  raw  metal  is : 

0-898  X  101-3  -  91-0  tons. 

The  net  consumption  of  ore  is : 

0-808  X  13-6  -  12-2  tons. 

The  net  consumption  of  lime  is  : 

1*21  tons  in  the  converter 
pins  0-808  X  7-50  -  6-74     „       „     finishing  fomace 


Total      .        .    7-95 

The  total  make  of  slag  is  : 


two  combined 


8-10  tons  of  waste  slag  from  the  conTerter 
pins  0-808  X  16-00  *  13-47      „       phosphate  from  the  finishing  furnace 


Total 


21-67     M       the  two  together— of  analyses  as  above 


Note. — It  is  particularly  interesting  to  compare  these  results 
with  those  from  the  same  iron  by  the  direct  open-hearth  and 
Bessemer  hot  metal  processes. 
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Duplex  Process.  II.  Basic  Open-Hearth  (Mixer)  Pre- 
liminary, AND  Open-Hearth  Finishing  Furnace  on 
Common  Forge  Iron. 

Mixer  Process  :  Oxidation  Table, — If  the  "  washed  "  iron 
contains  2*50  per  cent,  carbon,  0*80  silicon,  1*50  phosphorus,  and 
0*10  manganese,  there  will  be  oxidised  per  100  tons  of  metal 
charged : 

ToDB.  Tons.  Tons. 

Osrbon         from  3-60  to  2-60  «  1-00  requiring  oxygen  —  1-33  and  producing  2*33  CO  gas 
SiHcon  „    1-80  „  0-30  -  l-fiO       „  ..       -  1-71    „         „  3-21  SiO, 

Phosphorus     „    1-M  „  1-50  -  0-06        „  „        -  0-06    „         „  0-11  P,0, 

Ifanganese      „    0-60 ,,  0-10  -  0*60       „  „       -  015    ,,         „  0-65  MnO 


Totals 


.    305 


-3-25 


3-97  to  sUg 


Oxides. — To  supply  this  oxygen  in  the  form  of  Fe^Oj  there 
will  be  required  3*25  —  0*S0  =  10*8  tons,  equivalent  to  11*6  tons 
of  ore  at  65  per  cent.  Fe,  and  introducing  7*55  tons  of  Fe  and 
0*85  tons  SiOj  (at  3*0  per  cent.  SiOj  in  ore). 

Slag  Make. — The  total  acids  present  now  are  : 


Tons. 
321 


8i0t  from  the  metal 
M      ft    or® 
„      „    lime  (say) 

P%0,    „      „    metal         -0-11 


-  3-21  ^ 

-  0-35  V  - 

-  010  J 


3-66  tons 


Total  adds    • 


.    3-77 


If  the  slag  is  to  contain  40  per  cent,  acids  and  45  per  cent* 
CaO,  the  total  slag  make  will  be  3*77  -^  0*40  =  9*48  tons,  and 
the  lime  consumption  ^at  96  per  cent.  CaO)  will  be  45  -~  96  x 
9*43  =  4*40  tons. 

The  slag  analysis  will  be  approximately  as  under : 


SiO, . 
P.O. 
MnO 
CaO. 


3-66  tons  ->• 

Oil    „     - 

0-65    „     - 

.  at 


Ar.o. 

FeO. 


0-38 


38-8 

1-2 

6-9 
45-0 

3-0 

1-0 

41  (  «  0-29  tons  Fe) 


Total 


9*43     „    -  1000 


Yield,  <&c. — The  Metallic  Balance  Sheet  wiU  be  approximately 


Dr.  Metallic  charge 
Fe  from  ore 
Ferro  alloys  . 


Total 
1919— i. 


100-00 
7-66 
nil 


107-W 


Cr.  Metalloids  oxidised  . 
Fe  (as  oxide)  in  slag 
Mechanical  losses  \  >.., . 
Volatilised  .      .  }  ^"•y^ 
Yield— refined  iron 

ToUl 


3-05 
0-29 

200 

1 02-21 

107-66 


N 
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The  refined  iron — ^as  above — ^is  now  transferred  to  the  basic 
open-hearth  finishing  furnace,  and  may  be  calculated  out  as 
usual — the  necessary  adjustment  for  the  difference  in  weight 
brought  forward  being  made  in  the  final  summary  of  the  com- 
bined results. 

Finishing  Furnace :  Oxidation  Table. — If  the  steel  before 
tapping  is  to  contain  0-20  per  cent,  carbon,  0-06  phosphorus, 
traces  silicon,  and  manganese,  there  will  be  oxidised  per  100 
tons  of  "  washed  "  iron  brought  forward  : 

Tons.  Tons.  Tons, 

from  2-fiO  to  0*20  —  2*30  reqairing  oxygen  »  3*08  and  producing  6*38  CO  gas 
-       ^*^  „        -0-34    „  „  0-64  SiO, 

„        -187    „  .,  3-32  P.O. 

-  003    „         „  013  MnO 

Totals      .        .     415        „  „        -6-32    „  „  4  09  to  slag 

Oxides. — If  supplied  as  Fe^Os  this  oxygen  represents  5*82  -7- 
0«S0=  17'7  tons,  equivalent  to  19*1  tons  of  ore  at  65  per  cent. 
Fe,  and  introducing  124  tons  of  Fe,  and  0-57  tons  SiOj. 

Slag  Make. — The  total  acids  present  now  are  : 

Tons. 
SiOtfrom  the  metal         —  0-64  i 

„      „    ore  -0-67  1-1-41  tons 

„      „    Ume  (say)  -  0-20  ) 
P,0,  „      „    metal         -  332 


Carbon 
Silicon 
Phosphoms 
Manganese 


0-30  „  nil  -  0-30 
1-60  „  0-06  -  l-4fi 
010  „    nU  -  010 


Total 


.    4-73 


The  total  make  of  slag  at  28  per  cent,  acids  will  be  4-73  -f- 
0*28  =  16-90  tons,  and  the  lime  consumption  for  48  per  cent. 
CaO  =  8-45  tons. 

The  slag  analysis  is  approximately  as  under : 


SiO,. 

.     1-41  tons  - 

8-3 

P.O.        .       . 

.    3-32     „    - 

19-7 

MnO 

.     013     „    - 

0-8 

CaO 

.  at 

48-0 

MgO 

•         •         •    »» 

C-0 

A1.0.       .         . 

•    ft 

20 

FcO 

.    2-76     „    - 

16-2  ( 

^  213  tons  Fe) 

Totals 


16-90 


-lOO-O 


Yield,  dc. — The  Metallic  Balance  Sheet  will  be  approximately 
as  under : 


Dr.  Metallic  charge 
Fe  from  ore  . 
Ferro  alloys  (say) 


Total 


10000 

12-40 

0-70 


11310 


C>.  Metalloids  oxidised 
Fe  (as  oxide)  in  slag 
Mechanical  losses )  ,..   . 
VolatiUsed  .       .  }  ^^^^ 
Yield — ^ingots  and  scrap 

Total      . 


416 
213 

4-00 

102-82 

113-10 
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Combined  Results. — The  net  yield  of  ingots  and  scrap  from 
100  tons  of  the  original  raw  metal  is : 

1-022  X  102-82  -  1061  tons. 

The  total  consumption  pf  ore  is : 

11*6  tons  in  the  mixer 
plos  1-022  X  19-1  —  19-6    „        „      finishing  furnace 

Total    .  '      .    3M    M       *f      two  together 

The  total  consumption  of  lime  is  : 

4*40  tons  in  the  mixer 
plus  1-022  X  8-45  »  8-65    „       „       finishing  furnace 

Total     .         .     13-06    „       M      two  combined 

The  total  make  of  slag  is : 

9*43  tons  in  the  mixer — to  waste 
plus  1-022  X  16-90  -  17-28   „    (phosphate)  in  the  finishing  furnace 

Total    .    26-71    „     of  the  two  combined. 

N.B. — Slag  analyses  as  above. 

Duplex   Process.     III.  Basic  Bessemer   Preliminai^y    and 
Basic  X)pen-Hearth  Finishing  Furnace.    Forge  Iron. 

In  the  early  stages  of  the  Bessemer  .basic  process  the  siUcon 
is  more  completely  oxidised,  and  the  manganese  to  a  less  extent 
than  by  the  acid  Bessemer  process  in  blowing  down  to  a  given 
carbon,  and  the  phosphorus  remains  practically  untouched 
(until  the  after-blow).  Assuming  that  the  carbon  is  "  blown  " 
down  to  the  same  level  as  before — (by  the  acid  converter) — that 
the  slag  is  approximately  the  same  as  from  the  basic  open-hearth 
mixer ;  and  the  metal  when  blown  contains  1*50  per  cent,  carbon, 
0-10  silicon,  1-50  phosphorus,  0-25  manganese,  there  will  be 
oxidised  per  100  tons  of  metal  charged  : 

Oxidation  Table. — 

Per  Gent.     Tons.  Tons.  Tons. 

CSarbon       from  3-50  to  1-50  —  2-00  requiring  oxygen  «  2-67  and  producing  4-67  CO  gas 
Silicon  „    1-80  „  0-10  -  1-70       „  „       -  1-94    „  „         3-64  SiO. 

Phoephoms    „    1-65  „  1-60  -  0-06        „  „       -  006    „  „         0-11  P.O. 

lianganese     „   0-60  „  0-26 « 0*36        ,,  „       » 0-10    „  „        0-45  MnO 

Totals      .'       .    4-10         „  „  4-77    .»  „         4-20  to  slag 

Blast. — To  supply  this  4'77  tons  of  oxygen  by  air-blast  at 
0-0290  tons  of  oxygen  per  100  cubic  metres  of  air — as  before — 
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there  will  be  required  at  least  4-77  4-  0-0290  =  165  cubic  metres 
of  free  air  per  ton  of  iron. 

Slag  Make. — The  total  acids  present  now  are  : 


SiOt  from  the  metal 

„      „   lime  (say). 
PtO.    „      „   metal 


Total 


Tons. 
Zo5S} -3-^3  ton. 
-Oil 

3-84 


If  the  slag  is  to  contain  40  per  cent,  acids  and  45  per  cent. 
CaO,  the  total  slag  make  will  be  approximately  3-84  -r-  0*40  = 
9*60  tons,  made  up  as  under : 


SiO, 
P.O. 
MnO 
CaO 


Al,0. 
FeO 


3-73  tons-   38-9 

Oil    .,    -     M 

0-45    „    -     4-7 

at  450 

„      30 

»      1-0 

.     0-61    „    -      6-3{Fo- 0-47  tons) 

Total 


9*60 


-  100-0 


N.B. — The  lime  consumption  is  45  -^  96  x  9-60  =  4*50  tons. 
Yield. — The  Metallic  Losses  and  Balance  Sheet  are  approxi- 
mately : 


Dr.  Metallic  oharge 
I  Fe  from  oxides 
FefTO  allays  . 


Total 


10000 
nil 
nil 


.    10000 


Cr.  Metalloids  oxidised     . 
Fe  (as  oxide)  in  slag  . 

Meohanioal  losses)  ,. ^ 

Volatilised  .       .  I  ^■*y) 
Yield — refined  iron     • 

Total 


4-10 
0-47 

4-00 

91-43 

100-00 


The  refined  iron  is  now  transferred  to  the  basic  open-hearth 
finishing  furnace  and  dealt  with  as  before ;  the  overhead  results 
being  given  in  the  final  summary  of  the  combined  operations. 

Finishing  Furnace. — If  the  steel  before  tapping  is  to  contain 
0-20  per  cent,  carbon,  trace  silicon,  0-05  phosphorus,  and  O-IO 
manganese,  there  will  be  oxidised  per  100  tons  of  blown  metal 
brought  forward : ' 


Percent.    Tom.  Tons.  Tons, 

from  1-60  to  0*20  —  1-30  requiring  oxygen  —  2-00  and  prodncing  3-33  CO  gas 
n.iA  _A.iA  ^^      _o-ll    „  „         0-21  SiO, 

,.      -  1-87    „ 
„      -006    „ 


010 


Garbon 

Silicon  „  .  __ 

PhosphoniB  „  1-50  „  0-06  -  1-45 

Manganese  „  0-25  ,,  0-10  —  0-16 


-0-10 


3*32  P.Os 
0-20  MnO 


Totals 


3-00 


-403 


8-73  to  slag 


Oxides. — To  supply  this  oxygen  in  the  form  of  Fe^Os,  there 
would    be    required    4*08  -r  0'30  =  18*4    tons,    equivalent    to 
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14*45  tons  of  ore  at  65  per  cent.  Fe^  introducing  9*40  tons  of 
Fe,  and  0*43  tons  SiOj. 

The  total  acids  present  now  are : 


SiO^  from  the  metal . 

•>     t>    on 

„     „    lime  (saj) 
P»0^   „     „    metal 


Tons. 
-0-211 


.      -0-21) 

.      -0-431- 0-78  toot  StO. 

.    -ouj 


Total 


-3-32 
410 


The  slag  make  and  lime  consumption  at  28  per  cent,  acids 
and  48  per  cent.  CaO  would  be : 

Slag  make        -  410  -^  0-28  -  14-64  tons 

lime  xeqaiied  -  48  •>  96  X  14-64  -    7-32    „ 

The  slag  analysis  will  be  approximately : 


SiO, 

.    0-78  tons  -    6-3 

P.0,         . 

.     3-32    ,.     -  22-7 

MnO 

.     0.20    „     -     1-4 

CaO 

at  480 

A1.0, 

„      60 
„      20 

FeO         .        . 

.    2-38     „          15-6  (Fe  -  1-77  tona) 

Totals 


.  14-64 


-  1000 


The  Metallic  Losses  and  Balance  Sheet  are  approximately : 


Dr.  Metallic  charge 

.     10000 

Cr.  MetaUoids  oxidised 

3-00 

Fe  from  ore    . 

9-40 

Fe  (as  oxide)  in  slag      . 

1-77 

Ferro  alloys  (say)    . 

0-70 

Volatilised  .      .    f^^yf' 

4-00 

Yield—ingoto  and  scrap . 

.     101-33 

Total 


110-10 


Total 


110-10 


Combined  Remits, — The  net  yield  of  ingots  and  scrap  per 
100  tons  of  original  forge  iron  is  : 

0-9143  X  101-33  -  92-8  tons. 

The  net  ore  consumption  (finishing  furnace  only)  is : 

0-9143  X  H-40  -  13-20  tons. 

The  net  lime  consumption  is  : 


(1)  In  the  converter     . 

(2)  In  the  finishing  fomaoe 


Tons. 

.    -  4-60 

0-9143  X  7-32  -  6-68 


Total 


1118 


Digitized  by 


Googk 


182  BAGLBY  :    MODBRN  8TEBL  MBTALLUBGT. 

The  net  slag  make  is  : 

Tons. 

(1)  Ex -converter  (to  waste)         ....      9-60 

(2)  Ex-finishing  furnace  (22*7  per  cent.  PaO,),  \  ^990. 

0-9143  X  14-W     .         .         .         . ;      •     ^^*^° 

Total         ....     2206 

Effect  of  Slag  Make  on  Output  of  Open- 
Hearth  Furnace. 

The  capacity  and  output  of  a  given  furnace  are  largely  affected 
by  the  incidental  make  of  slag,  and  other  conditions  being  equal, 
the  yield  of  slag  is  a  leading  factor.  It  may  be  said  that  the  true 
output  of  a  furnace  is  not  its  make  of  steel  alone,  but  its  total 
make  of  steel  and  slag  combined,  for  every  ton  of  slag  made  absorbs 
so  much  effective  heat  which  would  otherwise  be  available  for 
the  metal.  But  it  does  not  follow  that  a  ton  of  slag  is  equivalent 
to  a  ton  of  steel  production  ;  it  might  well  be  either  more  or  less. 
Slag  affects  make  of  steel  in  two  ways.  Not  only  are  considerable 
heat  miits  required  to  raise  it  to  the  final  tapping  temperature, 
but  it  is  also  a  poor  conductor  of  heat — often  much  inflated  with 
non-conducting  gases — floating  on  the  surface  and  insulating  the 
metal  more  or  less  effectively  from  the  heat  of  the  flame.  Further, 
it  is  a  relatively  light  and  bulky  material — in  volume  possibly 
several  times  its  proportion  by  weight,  so  that  it  occupies  a  great 
deal  of  hearth  room  (thus  reducing  the  capacity  of  the  furnace) 
and  forms  a  thicker  insulation  than  its  weight  would  indicate. 
Its  heat  contents  will  vary  with  its  temperature  and  composition, 
but  are  probably  considerably  more  than  that  of  steel  at  the 
same  temperature.  The  figures  are  estimated  approximately 
by  Professor  Eichards  ("  Metallurgical  Calculation  ")  at  450-550 
calories  for  slag,  as  against  275-350  calories  only  for  steel  at 
normal  tapping  temperatures.  It  may  be  possible  to  find  more 
exact  values  for  these  data,  though  it  is  of  course  impossible  to 
fix  an  exact  equivalent  between  steel  and  slag ;  but  from  con- 
tinuous observations  of  furnace  makes  and  lime  consumption 
(the  index  of  slag  make),  the  author  considers  the  figure  may 
usually  be  taken  at  about  2*50  of  steel  to  1*00  of  slag.  In  other 
words,  if  the  normal  slag  make  be  reduced  by  1*0  per  cent,  (say 
10  tons)  the  steel  make  will  be  increased  by  about  2*50  per  cent. 
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(25'0  tons)  and  vice  versa,  other  conditions  remaining  the  same. 
The  last  point  is  important ;  for  it  obviously  will  not  do  to  com- 
pare different  practices  together  on  this  basis.  For  instance, 
hot  metal  practice  cannot  be  compared  with  cold  pig  and  scrap 
practice  even  in  the  same  furnace ;  for  the  physical  conditions 
are  entirely  different  in  the  two  cases,  and  a  different  standard 
is  required  for  each.  Similar  practices  only  should  be  compared 
together,  when  the  above  ratio  will  usually  be  found  pretty  near 
the  mark. 

Any  improvement  in  quality  of  materials  (of  which  pig  iron 
is  the  most  important)  or  in  practice  resulting  in  reduced  slag 
make  (or  lime  consumption)  will  be  found  to  have  an  effect  on 
steel  production  out  of  all  proportion  to  the  difference  made — 
due  to  the  fact  that  there  is  not  only  less  slag  to  be  raised  to 
tapping  temperature,  but  a  thinner  layer  of  it  to  be  penetrated 
by  the  heat. 

Excessive  slag  is  therefore  not  only  a  nuisance  when  tapping, 
but  a  serious  hindrance  to  output  and  economy.  The  effect  of 
output  on  costs  need  hardly  be  emphasised,  nor  the  advantage 
of  cheap  iron,  provided  output-  is  maintained  (for  any  extra  con* 
sumption  of  oxides  is  recovered  in  the  form  of  increased  yield, 
and  the  difference  in  Ume  is  only  trifling) ;  but  if  output  is  reduced 
to  any  great  extent  the  inevitable  increase  in  other  costs  will 
largely  counterbalance  or  even  outweigh  the  initial  advantage. 
In  the  "  Martin  "  process,  with  only  20  to  30  per  cent,  of  pig 
iron,  no  great  differen($es  need  be  expected  in  any  direction  ;  but 
with  40  to  50  per  cent,  of  pig  they  are  appreciable  ;  and  serious 
with  76  to  100  per  cent,  of  iron  when  its  quaUty  and  yield  of  slag 
are  most  important  if  its  advantage  in  price  is  to  be  reaUsable. 
In  such  cases,  however,  control  of  a  blast-furnace  plant  is  usually 
involved,  and  molten  metal  is  supplied  to  the  steelworks  with  con- 
siderable labour-saving  in  both  departments.  The  steel  furnaces 
are  also  saved  the  melting  of  the  iron,  but  the  results  are  often 
disappointing  in  output  and  cost  on  account  of  the  poor  quaUty 
of  iron  supplied  and  its  large  yield  of  slag.  It  is  interesting  here 
to  compare  the  various  basic  open-hearth  processes  as  regards 
slag  make  per  ton  of  steel,  and  the  various  methods  of  dealing, 
with  it.  In  the  **  Martin  "  process  it  only  amounts  to  5  to  10  pe» 
cent,  by  weight  on  the  charge — the  rapidity  of  the  process  being 


Digitized  by 


Googk 


184 


BAG  LET  :    MODERN  8TBEL  METALLUROY. 


mainly  due  to  this  fact  and  the  consequently  short  boiling  and 
finishing  period. 

With  50  per  cent,  of  pig  iron,  it  varies  between  10  to  20  per 
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cent,  according  to  the  quality  of  the  iron,  and  output  is  relatively 
low ;  and  with  larger  proportions  up  to  100  per  cent.,  as  in  hot 
metal  processes,  it  may  rise  to  80  per  cent,  or  even  more,  and  the 
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process  is  unworkable  unless  it  can  be  removed.  This  should  be 
done  as  early  as  possible,  both  to  expedite  operations  and  for 
the  effect  on  further  additions  which  are  otherwise  greatly  diluted. 
It  can  be  done  quite  simply  by  the  use  of  a  tilting  furnace,  as  in  the 
Talbot  process,  and  the  bulk  of  the  slag  run  off  over  the  fore-plate 
notches  when  ready  ;  but  tilting  furnaces  are  very  expensive  plant, 
and  they  also  introduce  various  special  difficulties  and  expenses 
in  connection  with  movable  ports,  chills,  and  water -cooling,  &c. 
In  the  Bertrand-Thiel  process  two  fixed  furnaces  are  employed 
and  the  metal  is  transferred  from  one  to  the  other  at  an  inter- 
mediate stage,  the  first  slag  being  separated  from  the  metal 
during  the  transfer,  so  that  the  finishing  furnace  is  not  hampered 
with  an  excess.  This  involves  double  plant,  handling,  labour, 
and  losses  of  time  and  metal,  &c.,  and  is  in  effect  a  '*  duplex  " 
process.  In  the  Hoesch  modification  one  furnace  only  is  used, 
the  whole  charge  being  tapped  out  at  an  intermediate  stage,  the 
slag  and  metal  separated  and  the  refined  metal  poured  back  into 
the  same  furnace  to  be  finished.  This  also  must  be  classed  as 
a  duplex  process.  In  the  Monell  process  a  single  furnace  (basic 
open-hearth)  is  used,  into  which  the  lime,  oxides,  and  scrap  are 
charged  and  strongly  heated  before  the  molten  metal  is  charged, 
and  advantage  is  taken  of  the  violent  reaction  which  then  occurs 
to  let  the  slag  boil  over  and  run  to  waste.  Such  slag  can  only  be 
half -spent,  and  carries  off  a  great  deal  of  free  Ume  and  oxide 
(sometimes  up  to  60  per  cent.  FeO),  which  must  subsequently 
be  made  up  by  fresh  cold  additions,  unless  sufficient  excess 
was  originally  charged.  Where  the  iron  unit  is  cheap  enough 
such  waste  may  not  be  serious,  though  nothing  could  be  techni- 
cally more  inefficient,  and  personally,  the  author  would  prefer  a 
Bessemer  duplex  plant.  Kxed  furnaces  with  two  tap  holes 
have  also  been  tried  for  working  molten  metal,  but  were  not  very 
successful,  as  they  also  do  not  provide  properly  for  removal  of 
excess  slag — the  first  condition  of  all  hot  metal  open-hearth 
processes.  In  the  various  so-called  duplex  processes  also,  the 
first  object  is  to  refine  the  raw  metal  sufficiently  to  relieve  the 
finishing  furnaces  of  excess  slag.  Such  preliminary  refining 
may  be  considered  as  essentially  part  of  the  steel-making  process 
and  taken  into  the  cost  of  conversion  ;  or  its  cost  may  be  charged 
on  to  that  of  the  pig  iron,  with  the  same  final  effect ;  the  result 
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in  either  case  proving  that  hot  metal  even  of  good  quality  is 
always  costly  to  convert  and  reqtdres  much  expensive  plant, 
unless  some  simple  means  of  getting  rid  of  slag  is  found. 

To  this  end  the  author  has  recently  patented  an  improved 
process  (No.  116668)  for  removing  slag  from  fixed  furnaces  by 
blowing  it  off,  whereby  all  the  advantages  of  a  tilting  furnace 
are  secured  without  its  expense  and  upkeep ;  and  a  single  in- 
expensive plant  suffices  for  any  number  of  fixed  furnaces,  making 
them  equivalent  to  the  Uke  number  of  tilting  furnaces.  He 
hopes  to  lay  further  particulars  before  the  Institute  in  due 
course. 

Operating  Orders. 

In  ordinary  routine  work  there  are  many  directions  where 
such  calculations  are  useful,  of  which  the  first  is  in  the  working 
of  the  furnace  or  converter.  The  quahty  of  materials  will,  of 
course,  vary  within  limits ;  but  the  calculated  figures  can  be 
translated  approximately  into  operating  orders  in  terms  of  tons 
or  charging  boxes,  and  will  be  approximately  realised  over  a 
period  if  the  data  are  correct  and  the  practice  steady,  though 
not  always  on  individual  charges.  Standing  orders  for  charging 
and  preliminary  additions  must  be  drawn  up  with  care,  and  should 
be  strictly  observed,  but  the  **  feeding  "  quantities  and  finishing 
operations  must  be  left  to  the  discretion  of  fumacemen.  For  this 
reason,  and  also  to  allow  for  irregularities,  the  preliminary 
additions  (lime  and  oxides)  charged  should  be  below  the  calculated 
quantities,  leaving  the  men  a  reasonable  margin  to  work  in  for 
finishing.  Eegularity  in  every  direction  is  a  first  condition 
for  output,  economy,  and  quaUty  ;  and  on  these  lines  the  men 
can  be  guided  straight  into  the  right  groove  and  the  practice 
standardised.  The  same  applies  if  any  change  of  practice  is 
necessary  or  if  conditions  are  suddenly  altered  in  any  important 
direction,  and  the  change  can  be  made  quickly  and  smoothly 
without  a  long  interval  of  floundering  and  mistakes.  It  is 
surprising  how  quickly  workmen  f aU  into  a  groove,  and  how  slow 
they  are  to  get  out  of  it,  without  assistance. 
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Phosphate  Slags. 

Another  use  of  this  method  is  its  application  to  the  problems 
of  phosphate  slag  production.  The  possibility  of  making  saleable 
slags  from  any  pig  iron,  their  probable  PjOj  contents,  probable 
quantity  and  value  per  ton  of  ingots — or  of  pig  iron — and  the 
conditions  for  maximum  results,  &c.,  can  all  be  determined  -with 
ease,  provided  allowsmce  for  the  extra  SiO^  received  from  the 
furnace  brickwork  is  not  overlooked.  It  frequently  happens 
that  the  PaOg  is  too  low  to  fetch  a  reasonable  price — or  indeed 
anything — for  the  slag.  The  P2O5  unit  also  fetches  a  higher  price 
in  concentrated  than  in  dilute  form,  for  a  rich  slag  costs  no  more 
to  grind,  bag,  and  deUver  than  a  poor  one.  It  is  therefore  to 
the  steel-maker's  advantage  to. produce  as  rich  a  slag  as  he  can. 
Opinions  on  how  to  do  this,  or  whether  it  is  worth  while,  vary 
considerably — ^whether  to  reduce  the  silicon  or  raise  the  phos- 
phorus of  the  iron,  or  to  add  phosphoric  ores  or  lime  in  the  steel 
furnace — and  as  to  the  effect  of  such  steps  on  the  output  of  steel 
and  the  quantity,  make,  and  value  of  the  slag. 

These  problems  are  rarely  reduced  to  reasoned  figures,  and 
anything,  or  nothing,  may  be  done;  a  common  conclusion 
being  that  the  output  of  steel  must  suffer,  or,  as  frequently 
expressed,  **  You  can't  make  steel  and  make  slag."  The  fallacy 
of  this  view  can  be  exposed  immediately,  and  the  calculations  not 
only  show  clearly  what  the  probable  effects  will  be,  but  bring 
out  the  fact  that  the  simplest  way  to  raise  the  P3O5  is  to  reduce 
the  amount  of  SiOj  present  (i.e.  the  make  of  slag) — a  step 
which  naturally  increases  the  output  of  steel  from  the  open-hearth 
furnace.  The  real  facts  are  that  steel  cannot  be  made  at  all 
without  making  slag,  and  that  the  more  the  slag  make  is  reduced 
the  richer  it  will  be,  and  the  greater  the  output  of  steel.  On 
these  lines  the  conditions  for  higher-grade  slags  and  maximum 
output  of  steel  are  not  opposed  to  each  other,  but  are  identical. 
Extraneous  SiOj  from  all  other  sources  must  first  be  cut  down, 
but  the  silicon  of  the  iron  remains  the  chief  source.  When 
this  also  is  down  to  its  lowest,  the  output  of  steel  and  quality 
of  slag  will  both  be  at  their  highest,  provided  the  total  adds 
are  not  below  the  normal  28  per  cent,  standard.  If  they  fall 
much  below  this  level — say  to  21  per  cent. — ^the  slag  make  is 
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needlessly  great  and  the  PjO^  unduly  low ;  in  this  case  only  three- 
fourths  of  what  they  might  be,  indicating  considerable  room  for 
improvement  in  the  open-hearth  practice.  This  condition  has 
already  been  referred  to  in  connection  with  the  removal  of  sulphur. 
There  is  also  the  possibihty  of  desiliconising  the  metal  by  pre- 
liminary refining  (or  some  form  of  Duplex  process),  whereby 
the  ratio  of  silicon  to  phosphorus  is  reduced,  and  a  smaller 
weight  of  higher  grades  produced  from  the  finishing  furnace. 
The  other  methods,  such  as  introducing  extra,  phosphorus  into  the 
iron,  or  with  the  lime  and  oxide  additions,  are  wrong  in  principle  ; 
for  they  must  result  in  increased  make  of  slag  and  reduced  output 
of  sted,  and  are  rarely  worth  while.  They  also  show  the  effect 
of  using  a  proportion  of  scrap,  on  whicih  some  misconception 
often  exists.  Steel  scrap  virtually  does  not  affect  the  com- 
position of  the  slag  at  all,  for  it  needs  no  lime  nor  oxide — ^in 
fact,  it  provides  oxide  free  from  SiOj.  The  only  thing  it  really 
affects  is  the  quantity  of  slag  made,  not  its  composition,  which 
depends  chiefly  on  the  proportion  of  silicon  to  phosphorus  in 
the  pig  iron.  There  is  no  need  now  to  consider  the  question  of 
citric  solubility  and  the  effects  of  fluorspar,  &c.,  beyond  noting 
that  this  test  is  now  virtually  abandoned.  Expert  agricultural 
(pinion  is  about  equally  divided  as  to  the  relative  fertilising  values 
of  so-called  "  soluble  "  and  "  insoluble  "  slags,  from  which  it 
appears  that  there  is  little  to  choose  between  them.  It  is  also 
found  that  the  phosphoric  acid  is  ultimately  soluble  in  either  case, 
both  by  this  test  and  in  the  soil ;  the  chief  difference  being  in 
point  of  time,  which  is  not  specified  by  nature.  Originally  a 
German  invention,  it  favoured  their  own  high-grade  "  Thomas  *' 
slags  at  the  expense  of  the  poorer  open-hearth  products  ;  but  the 
test  is  now  found  inappropriate  and  is  largely  discredited,  if 
not  finally  abandoned.  As,  however,  prejudice  dies  hard,  steel- 
makers should,  the  author  thinks,  take  concerted  action  to  have 
it  finally  abolished,  both  in  their  own  and  in  the  national 
interest. 

**  General  "  Quality  op  Steels. 

Some  reference  is  necessary  to  the  comparative  quality  of 
steels  by  the  various  standard  processes — ^a  subject  on  which 
there  are  wide  differences  of  opinion ;  for  every  maker  naturally 
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upholds   his   own  product   and   process.    The   term   *'  general 
quaUty  '*  is  expressly  used  to  distinguish  liability  to  physical 
defects  from  composition  and  mechanical  behaviour — or  "  par- 
ticular "  quahty.    "  General  "  quality  is  the  subject  of  inspec- 
tion ;  and  as  physical    defects  are — or  should  be — all  caught^ 
cut  out,  and  rejected  by  the  works  staff  and  official  inspectors 
before  despatch,  the  question  between  processes  is  resolved  into 
one  of  comparative  yield  of  sound  steel  from  the  ingot — i.e,  of 
costs.    Let  it  be  granted  at  once  that  steel  can  be,  and  is,  made 
as  sound,  or  as  poor,  by  one  process  as  by  another ;  that,  subject 
to  tests  and  inspection,  the  most  exacting  engineers  are  perfectly 
satisfied  with  continental  "  Thomas  "  and  "  Martin  "  steels  for 
almost  every  purpose ;    that  prejudice  against  one  process  is 
largely  due  to  the  self-interest,  dc,  of  makers  by  some  other 
process :    and  the  fact  again  emerges  that,  omitting  prejudice, 
the  question  is  really  one  of  management  and  cost.    The  author 
always  holds  that,  when  properly  understood  and  handled,  as 
good  a  yield  of  sound  steel  from  the  ingot  can  be  realised  by  one 
process  as  by  another.     Over -oxidation  is    mainly   responsible 
for  physical  defects,  and  is  unavoidable  in  all   processes ;  but 
though  some  are  more  liable  to  it  than  others,  it  can  be  kept 
within  limits,  and  is  rectifiable  by  suitable  measures.    There  is 
no  occasion  to  go  deeply  into  this  difficult  and  controversial  sub- 
ject here ;   but  it  may  be  admitted  that  the  Bessemer  converter 
is  not  under  such  sensitive  control  as  the  open-hearth   furnace, 
and  that  acid  processes  are  less  liable  to  over -oxidation  thsm  basic. 
Of  these  the  "  Thomas,*'  **  Martin,"  and  Duplex  processes  are 
most  liable  to  over -oxidation,  and  therefore  most  in  need  of 
careful  management ;    but  the  fact  remains  that,  given  proper 
handling  and  regular  conditions,  good  yields  of  sound  steel  can 
be — and  ^re — ^regularly  obtained  by  these  processes  abroad,  if  not 
in  this  country.    Abroad  some  method  of  deoxidising  is  usually 
adopted  as  a  regular  practice  in  these  highly  oxidising  processes, 
and  every  cast  is  deoxidised  as  a  precaution,  whether  necessary 
or  not.    The  secret  of  their  success  is  largely  in  their  use  of  man- 
ganese in  restraint  of  this  tendency,  by  substituting  MnO    for 
FeO  (MnO  displacing  FeO)  in  the  slag.    German   *'  Thomas  " 
irons  are  normally  made  to  contain  about  as  much  mangajiese 
as  silicon  and  phosphorus  together ;    and  for  the  "  Martin  " 
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process^  special  irons  are  made  containing  up  to  5  per  cent,  man- 
ganese, failing  which,  spiegel  is  put  in  with  the  charge  to  make  up 
the  deficiency.  In  ordinary  basic  open-hearth  practice,  it  is  desir- 
'able  that  the  steel  just  before  tapping  should  contain  0-15  to 
0-25  per  cent,  residual  manganese,  which  usually  corresponds 
with  6  to  8  per  cent.  MnO  in  the  slag,  if  in  good  order.  Less 
than  this  amount  usually  indicates  over-oxidised — or  "  wild  " 
— steel ;  while  more  apparently  tends  to  restrain  the  boil  and 
delay  the  furnace.  To  give  8-0  per  cent.  MnO  in  the  slag  plus 
0*20  per  cent,  residual  manganese  in  the  steel,  or  equivalents^ 
the  average  manganese  of  the  charge  should  be-  not  less  than 
i  (Si  +  P)  +  0-20  per  cent.,  which  formula  illustrates  another 
useful  application  of  this  method. 

Deoxidising  should  be  commenced  in  the  furnace  or  converter 
and  completed  in  the  ladle  before  ever  the  steel  reaches  the  ingot 
moulds  ;  and  the  author  prefers  to  see  at  least  0*02  per  cent.'  of 
silicon  or  phosphorus  in  the  finished  steel  as  a  guarantee  against 
this  fault  and  the  risk  of  brittleness  and  unaccountable  failure 
under  shock  occasionally  found,  in  their  absence,  in  material 
which  has  passed  all  the  usual  mechanical  tests. 

In  conclusion,  the  author  hopes  that  this  paper  will  be  of 
general  use,  and  that  the  Institute  will  give  it  a  sympathetic 
reception. 
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DISCUSSION. 

Mr.  B.  Talbot,  Member  of  Council,  said  that,  as  a  steelmaker,  he 
congratulated  Mr.  Baglej  on  producing  a  most  excellent  paper,  which 
would  be  not  only  of  general  use,  but  of  specific  use  in  the  open-hearth 
shops  of  Great  Britain  to  superintendents,  to  sample  passers,  and  to 
intelligent  furnace-men  alike,  all  of  whom  desired  to  understand  what 
was  really  going  on  in  their  furnaces.  Mr.  Bagley  had  produced  a 
balance-sheet  in  which  he  had  indicated  what  it  might  be  hoped  to 
obtain  from  theoretical  calculations.  It  would  be  most  interesting 
to  see  how  the  practical  shop  results  varied  from  the  estimated  yields 
so  calculated.  Personally,  he  thought  Mr.  Bagley  was  very  near 
shop  results.  One  of  the  most  interesting  comparisons  was  that  made 
between  direct  metal  processes  and  combined  duplexing.  There  was 
seen  to  be  an  enormous  difference  in  the  jdelds.  In  the  on^  case  Mr. 
Bagley  had  taken  his  (Mr.  Talbot's)  own  process,  on  which  he  had  made 
his  csdculations.  In  another  he  had  taken  a  continuous  preliminary 
refining,  and  the  results  were  closely  comparable,  but  in  regard  to 
duplexing  where  the  yield  was  91  or  92  per  cent.,  against  possible 
yields  by  the  direct  metal  processes  of  105  (which  were  obtained),  it 
had  to  be  admitted  that,  by  paying  for  the  ore,  there  was  an  enormous 
differeuce.  What  he  could  not  understand  was  the  practice  in  the 
United  States.  His  own  process  in  the  United  States  was  very  largely 
used,  millions  of  tons  being  made  by  it ;  but  in  every  case  of  which 
he  Imew — ^unless  the  practice  had  ceased  since  the  war — Bessemerised 
metal  was  used  in  the  200-ton  tilting-fumaces,  and  obviously  the 
yields  must  be  very  different.  Why  Qiat  was  done  he  could  never 
understand,  unless  the  profit  was  so  large  that  they  could  afford  to 
put  the  cost  up  in  order  to  get  the  profit  on  the  increased  output. 
That  could  not  be  done  in  Great  Britain.  The  other  point  he  noticed 
was  Mr.  ^agley's  reference  to  tilting-fumaces.  He  (Mr.  Talbot)  had 
had  experience  in  designing  tilting-furnaces  for  the  best  part  of  twenty 
years,  and  for  fifteen  years  previous  to  that  he  had  been  concerned 
with  the  designing  of  fixed  basic  open-hearth  furnaces,  and  he  could 
say  as  far  as  Ms  experience  went  it  took  a  period  of  twenty  years  before 
even  a  satisfactory  fixed  basic  open-hearth  furnace  was  evolved,  suit- 
able for  working  as  it  was  worked  to-day.  He  did  not  understand  why 
makers  seemed  so  nervous  in  regard  to  tilting-fumaces.  With  liquid 
metal  he  would  venture  to  predict  that  it  would  be  the  furnace  of  the 
future  and  that  its  size  was  capable  of  very  great  expansion,  although  it 
had  already  expanded  from  50  or  60  tons  to  about  250  tons  in  about 
fifteen  years.  For  that  reason  he  could  not  follow  Mr.  Bagley's  sugges- 
tion that  by  blowing  the  slag  off  a  fixed  furnace  all  the  advantages 
of  the  tilting-fuma($  were  obtained.    Personally  he  would  not  care 
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to  handle  a  furnace  of  400  tons  capacity,  snch  as  he  had  in  mind  he 
might  live  to  see  with  a  fixed  hearth.  He  would  certainly  want  a 
tilting  body  so  that  he  could  deal  with  the  metal  as  he  required  it. 

Mr.  F.  W.  Harbord,  C.B.E.,  Member  of  Council,  congratulated 
the  author  on  his  very  interesting  and  important  paper.  He  said 
there  was  nothing  more  important  in  the  steel  industry  than  that 
balance-sheets  showing  the  possible  and  actual  yield  should  be  regularly 
got  out,  and  it  was  very  important  that  the  man  who  was  actually 
operating  the  furnace  should  have  some  simple  method  of  arriving 
at  what  his  actual  results  were.  The  method  given  by  the  author 
was  certainly  sufficiently  approximate  to  enable  the  ordinary  furnace- 
man  to  know  what  he  ought  to  get  from  his  day's  work,  or  at  all  events 
from  his  week's  work,  and  then  to  compare  it  with  what  he  was  actually 
getting,  without  waiting  for  the  records  from  the  office  giving  the 
yields  which  were  obtained  later  on.  When  in  the  States  some  years 
ago,  he  found  that  the  average  intelligent  open-hearth  man  was 
accustomed  to  ask  for  the  analysis  of  his  slag,  so  that  he  might  know 
exactly  how  much  oxide  of  iron  the  finishing  slag  contained.  In 
one  works  each  fumaceman  was  given  an  analysis  of  the  slag  with 
the  percentage  of  oxide  of  iron,  lime,  and  silica,  so  that  he  might  see 
exactly  what  was  the  composition  of  the  finishing  slag.  A  balance* 
sheet  on  the  basis  suggested  by  the  author  told  exactly  what  was 
possible,  and  although  that  could  not  be  obtained  in  everyday  practice, 
it  could  be  aimed  at,  and  it  stimulated  the  whole  of  the  works'  staff, 
and  tended  to  produce  economy  and  efficiency.  There  was  one  point 
which  was  incidentally  brought  out  in  the  paper,  which  was  very 
important  from  a  basic  steel  point  of  view,  and  that  was  the  great 
advantage  of  making  a  real  basic  pig  in  the  blast-furnace,  low  in  silicon 
and  containing  a  fair  amount  of  manganese,  so  that  as  little  work 
as  possible  was  thrown  on  the  open-hearth  furnace.  It  had  two 
advantages.  If  there  was  the  proper  amount  of  manganese  it  assisted 
the  work  all  through  by  preventing  over-oxidation,  and  if  there  was 
low  silicon  it  meant  a  lower  bulk  of  slag,  which  not  only  facilitated  the 
operation  but  incidentally  gave  a  high  phosphoric  slag  with  a  lower 
consumption  of  lime.  In  the  present  days  of  high  costs,  and  when 
efficiency  was  of  such  vital  importance,  those  things  might  make  all 
the  difference  between  a  profit  and  a  loss.  If  one  could  reduce  the 
bulk  of  the  slag  by  having  low  silicon  in  the  pig  iron,  and  so  obtain 
a  credit  of  an  extra  two  shillings  per  ton  for  the  slag,  it  was  a  very 
important  matter.  He  congratulated  the  author  on  his  paper,  whidk 
if  placed  in  the  hands  of  the  workmen  would  give  them  a  most  useful 
method  of  controlling  their  furnace  work. 

Mr.  T.  TwYNAM  (Middlesbrough)  congratulated  the  author  on  his 
able  paper.    It  was  the  first  time  a  clear  comparison  of  various  steel- 
making  processes  had  been  committed  to  paper.    The  method  of 
1919— i.  o 
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taking  28  per  cent,  acid  in  the  slag  seemed  a  very  good  one,  as  it  enabled 
a  calculation  to  be  made  which  was  otherwise  practically  impossible. 
When  the  Talbot  process  was  introduced  the  question  of  the  slag  had 
been  a  very  important  one  indeed,  and  slag,  of  course,  was  not  made 
then  which  compared  with  the  slag  given  in  the  paper.  The  possibility 
of  making  a  slag  with  such  a  high  percentage  of  phosphoric  acid  as 
that  given,  22  per  cent.,  put  quite  a  different  complexion  on  the  matter, 
especially  as  the  question  of  citric  solubility  had  now  become  obsolete. 
It  had  always  been  to  a  certain  extent  a  drawback  to  open-hearth 
phosphoric  processes  that  the  citric  solubility  of  the  phosphoric  acid 
in  the  slag  had  been  looked  upon  as  an  essential  point. 

Professor  T.  Tubner  (Birmingham  University)  was  glad  to  see 
that  Mr.  Bagley  in  his  paper  paid  so  much  attention  to  the  question 
of  the  quality  and  quantity  of  the  slag  in  the  steel-making  processes. 
He  (Professor  Turner)  had  ventured  a  number  of  years  ago,  in  dis- 
cussing the  question  of  the  puddling  process  before  the  Institute,  to 
point  out  how  important  the  slag  was  in  any  iron  purification  process.^ 
It  was  not  desired  to  attack  the  furnace  bottom,  but  it  was  desired 
for  that  to  remain  permanent.    The  effect  of  the  air  when  the  metal 
was  once  melted  down  and  covered  with  slag  was  almost  negligible, 
so  that  the  reactions  depended  almost  entirely  on  the  slag  which  was 
present.    He  knew  that  some  old  metallurgical  books  defined  slag 
as  smelter's  refuse.    He  would  be  inclined  to  say  that  slag  was  the 
smelter's  friend,  provided,  of  course,  it  was  of  the  right  composition. 
Mr.  Bagley  pointed  out  the  disadvantages  of  too  much  slag,  and  its 
blanketing  effect  owing  to  its  being  a  non-conductor ;    he  had  also 
referred  to  the  high  specific  heat  of  slag,  as  a  result  of  which  there  was 
a  considerable  consumption  and  waste  of  heat  if  too  much  slag  were 
produced.     On  the  other  hand  too  little  slag  was  an  equal  disadvantage. 
The  slag  had  to  be  of  the  right  texture  and  the  right  fluidity,  so  that 
it  could  act  freely  on  the  metal  and  could  be  freely  tapped.    Hence 
a  test  of  the  slag,  from  time  to  time,  such  as  had  been  indicated  by 
Mr.  Harbord,  was  of  the  greatest  importance.     With  reference  to  the 
active  oxide  of  iron  present  in  the  slag,  he  had  always  adopted  the 
view  put  forward  by  the  late  Sir  William  Siemens,  that  the  oxide  was 
present  in  the  form  of  magnetic  oxide.     He  thought  that  wad  now 
generally  accepted,  and  much  evidence  in  favour  of  that  view  could 
be  obtained  by  examination  of  the  cooled  slags  by  the  microscope, 
when  very  beautiful  and  distinct  examples  of  the  crystallised  magnetic 
oxide  from  the  slag  were  found.    Magnetic  oxide  was  the  one  which 
gave  the  greater  fluidity,  and  that  fluidity  was  necessary  for  the  proper 
conduct  of  the  process.    Again,  the  proper  composition  of  the  slag 
might  have  a  very  important  effect  on  its  value,  as  had  been  indicated, 
so  that  when  something  in  the  neighbourhood  of  20  per  cent,  of 
phosphorus  was  obtained  in  basic  slag,  a  material  was  produced  which 

1  /ottrno/  of  the  Irq».  and  Steel  ImtUuU,  1891,  No.  I.  p.  119. 


Digitized  by 


Googk 


OORRESPONDBNCfl  ON  BAOLEy's  PAPER.  195 

was  far  more  valuable  in  proportion  to  the  phosphorus  present  than 
one  which  had  a  lower  percentage.  There  were  many  other  interesting 
points  in  the  paper.  He  believed  it  dealt  with  principles  which 
were  really  fundamental  for  the  proper  conduct  of  a  steel-melting 
process. 

Dr.  J.  E.  Stead,  F.R.S.,  Vice-President,  said  he  had  not  had  time 
to  check  all  the  wonderful  calculations  given  by  Mr.  Bagley,  but  he 
thought  they  might  be  accepted  as  being  correct.  The  paper  was  of 
immense  value,  especially  to  students,  and  he  strongly  recommended 
them  to  study  it,  and  also  to  check  the  calculations.  Having  checked 
the  calculations,  they  would  acquire  a  better  notion  of  the  results 
than  by  simply  accepting  the  jSgures  given.  Some  reference  had 
been  made  to  the  desulphurising  of  iron.  In  that  connection  he 
thought  the  originator's  name  should  be  mentioned.  Until  Mr.  Saniter 
had  started  on  the  desulphurising  of  iron,  it  had  been  assumed  that 
it  could  not  be  worked  with  a  basic  open-hearth  furnace.  He  com- 
phmented  Mr.  Bagley  upon  having  given  such  valuable  information. 


COBBESPONDENCE. 

Mr.  J.  E.  Fletcher  (Dudley)  wrote  that  Mr.  Bagley's  contribu- 
tion would  be  invaluable  to  steel  metallurgists.  The  data  tabulated 
were  in  themselves  a  most  useful  addition  to  technical  literature, 
especially  the  information  as  to  the  analyses  of  the  slags  and  the 
comparisons  of  the  slag  produced  per  ton  of  yield  and  of  metal  charged. 
In  considering  the  yield  and  wastes  in  open-hearth  processes  he  (Mr. 
Fletcher)  had  elsewhere  ^  pointed  out  that  the  higher  yields  accompanied 
small  slag  make  and,  in  basic  processes,  when  the  slag  product  was 
richest  in  phosphates  and  poorest  in  iron,  not  only  was  the  thinner 
slag  blanket  a  better  conductor  of  heat  to  the  bath,  but  its  function 
in  refining  and  alloying  was  speeded  up  when  superheated  above  its 
true  melting  temperature. 

The  utility  of  high  MnO  content  in  the  slag  as  a  displacer  of  FeO 
was  very  great,  and  had  had,  generally  speaking,  greater  recognition 
on  the  Continent  than  here.  During  the  making  of  manganese  steel 
in  the  basic  open-hearth  (the  manganese  being  added  through  the 
slag)  he  (Mr.  Fletcher)  had  had  much  experience  of  the  behaviour  of 
CaO.MnO  slags,  and  thoroughly  agreed  with  Mr.  Bagley  in  the  need 
for  residual  manganese  in  basic  (and  acid)  steels  before  adding  the 
finishing,  as  a  proof  of  satisfactory  deoxidation  before  tapping.  If  such 
a  safeguard  were  commonly  practised,  the  evils  attaching  to  oxide 

1  '*  On  the  Yields  and  Wastes  in  Open-hearth  Fumaoes,"  Journal  of  the  Btaffordahire  Iron 
and  SUd  IfutiMe,  19U. 
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evolution  in  the  ladle  and  in  the  ingots  would  largely  be  overcome. 
He  (Mr.  Fletcher)  from  his  own  experience  believed  thoroughly  in  the 
removal  of  slag  at  the  proper  moment  and  in  the  addition  of  molten 
basic  slag  poor  in  phosphorus  in  the  duplex  process,  and  he  hoped  for 
the  complete  success  of  Mr.  Bagley's  process  of  blowing  off  the  slag 
from  fixed  furnaces.    A  speeding  up  of  the  process  should  result. 

Dr.  F.  Rogers  (Sheffield)  wrote  welcoming  the  paper  for  its  balanced 
attitude  towards  the  relation  of  technical  and  commercial  features 
in  steel-making.  The  author  quite  frankly  recognised  the  importance 
of  quality,  and  the  super-importance  of  oxidation  as  a  source  of  defects ; 
and  the  relative  limitations  of  the  several  processes  in  those  respects 
were,  he  considered,  fairly  stated.  From  that  point  onwards  he  was 
at  one  with  the  author  in  regarding  production,  particularly  of  the 
classes  of  steel  which  the  author  had  in  view,  as  the  dominating  factor, 
and  that  was  undoubtedly  worthy  of  such  full  systematic  chemical 
control  as  he  maintained.  Any  neglect  of  such  system  to  the  fullest 
possible  extent  in  manufacturing  operations  generally,  spelt  inevitable 
losses,  even  though  they  might  pass  unsuspected  at  the  time.  The 
next  application  of  what  was  at  one  time  mere  ultra-science  would 
be  the  equally  precise  control  of  temperature  at  the  various  stages ; 
temperature  control  in  steel-making  being  still  somewhat  crude,  even 
though  it  were  known  that  some  of  the  reactions  were  reversible  with 
change  of  temperature  under  conditions  which  could  and  sometimes 
did  occur  in  practice — for  example,  the  phosphorus  and  sulphur  re- 
actions in  the  basic  open-hearth  and  electric,  and  silicon  in  the  acid 
open-hearth  processes.  Basic  and  acid  metallurgists  were  as  yet 
only  vaguely  learning  how  to  remove  the  conditions  as  far  as  possible 
from  the  reversal  zones,  in  order  to  get  the  greatest  possible  speed  of 
working.  Practical  quantitative  control,  therefore,  not  only  of  the 
chemical,  but  likewise  of  the  simultaneous  physical  conditions  in 
steel-melting,  was,  he  believed,  sure  to  be  realised  in  the  not  far  distant 
future. 

B.  Yaneske  (Sheffield)  wrote  that  Mr.  Bagley's  system  of  calcu- 
lating the  consumption  of  materials  by  various  methods  of  steel  manu- 
facture was  very  useful,  but  in  connection  with  open-hearth  furnaces 
he  (Mr.  Yaneske)  thought  that  an  allowance  ought  to  be  made  for 
the  large  amount  of  oxidation  of  the  metalloids  effected  by  the  action 
of  the  furnace  gases.  The  amount  of  oxygen  supplied  in  that  way 
might  reach  50  per  cent,  or  even  more  of  the  total  oxygen  required 
to  oxidise  the  carbon  in  ordinary  acid  open-hearth  practice  using  cold 
pig  iron  and  scrap.  That  reduced  considerably  the  amount  of  iron 
ore  required,  and  therefore  the  weight  of  iron  derived  from  the  ore. 
The  figures  for  the  yield  of  ingots  and  scrap  would  be  much  lower  in 
practice  than  were  obtained  by  Mr.  Harvey's  calculations  in  which 
gas  oxidation  was  ignored. 
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Mr.  C.  H.  F*  Bagley,  in  reply  to  the  discussion,  regretted  that  the 
paper  had  not  produced  a  fuller  criticism  of  the  principles  advanced, 
in  view  of  the  originality  of  the  whole  system ;  but  it  was  most 
satisfactory  that  it  had  received  such  general  assent  from  the  leading 
authorities  on  the  subject — ^to  whom  he  tendered  his  hearty  thanks 
for  all  their  complimentary  remarks. 

There  was  little  to  reply  to,  except  that  some  'doubt  had  been  ex- 
pressed as  to  whether  the  calculated  yields  were  realisable  in  everyday 
practice,  and  whether  the  results  in  general  were  not  more  theoretical 
than  practical.  It  should  be  noted  that  the  item  of  ''  Yield  "  in  the 
balance-sheets  as  drawn  covered  both  ingots  and  scrap — ^including  all 
skulls,  butt  ends,  and  pit  scrap,  etc.,  whereas,  normally,  cost  sheets 
showed  the  nett  yield  of  ingots  only.  The  reason  for  that  was  that 
those  items  varied  considerably  in  different  works — possibly  up  to  3  per 
cent. — ^without  it  being  in  any  way  the  fault  of  the  process  employed. 
Subject  to  that  adjustment,  the  results  were  really  more  accurate  than 
was  at  first  appreciated,  and  would  be  found  to  correspond  very  closely 
with  actual  results  wherever  the  data  and  practice  followed  were  the 
same  as  had  been  assumed.  That  was  confirmed  by  actual  figures  he 
had  had  for  various  practices  from  English,  Continental  and  Ajnerican 
works  taken  from  actual  costs.  It  was,  of  course,  obvious  that  if  prac- 
tice or  materials  varied  from  the  data  assumed  in  any  important  re- 
spect, the  results  throughout  would  be  different ;  for  the  whole  sequence 
was  affected,  and  a  fresh  calculation  had  to  be  made.  For  instance, 
in  the  basic  O.H.  (Talbot)  process,  if  30  per  cent,  of  scrap  were  used 
and  only  70  per  cent,  of  pig  iron,  there  was  only  70  per  cent,  ot  the 
weight  of  metalloids  to  be  oxidised  and  of  products  formed.  The  oxides 
required  were  less  than  70  per  cent,  for  the  preliminary  heating  of  the 
scrap  made  a  certain  amount  of  Fe804,  thus  further  diminishing  the 
quantity  to  be  added ;  and  also  the  Fe  and  SiOj  introduced  (with 
consequent  effect  on  the  slag  make  and  lime  consumption)  and  consider- 
able disturbance  to  the  balance-sheet.  (N.B. — With  pure  ores  the  slag 
analysis  is  hardly  affected.)  In  such  a  case  the  gross  yield  would  fall 
to  100-102  per  cent.,  as  might  be  verified  by  recalculation,  or  from 
actual  results. 

Mr.  Yaneske  pointed  out  that  flame  oxidation  was  often  important 
and  might  account  in  the  acid  O.H.  process  for  50  per  cent,  or  more 
of  the  total  oxygen  supplied,  which,  of  course,  was  quite  correct — ^in 
fact  it  might  reach  100  per  cent,  or  more,  as  in  the  "  Martin  "  process ; 
but  allowance  had  already  been  made  in  all  the  calculations  of  scrap 
processes  of  1*90  units  of  oxygen — which  he  (Mr.  Bagley)  gathered  Mr. 
Yaneske  considered  was  insufficient.  The  point  was  already  noted  in  the 
paper,  both  as  regarded  hot  metal  and  scrap  processes  (pp.  149, 161, 162, 
et  seq,),  in  which  it  was  shown  that  some  flame  oxidation  was  inevit- 
able by  all  O.H.  processes,  and  not  only  during  the  melting  down  period 
but  even  afterwards  when  the  bath  was  molten  and  covered  with  slag — 
though  if  the  heat  were  good  that  was  almost  neghgible — as  Prof.  Turner 


Digitized  by 


Googk 


198  COBBE8PONDBN0E  ON  BAGLBY's  FAPEB^ 

remarked.  In  a  keen  furnace  with  a  charge  of  molten  iron  only,  the 
full  calculated  quantity  of  oxides  was  often  actually  required  and  the 
calculated  yield  was  commonly  realised  ;  but  clearly,  if  for  any  reason 
it  was  not  taken  or  not  fully  utilised,  the  final  yield  would  sufier  and 
the  result  appeared  in  the  balance-sheet. 

Further  to  the  comment  that  all  such  calculations  were  mainly 
theoretical  it  might* be  noted  that  not  a  single  chemical  formula  was 
quoted— the  whole  system  being  merely  simple  arithmetic  applied  with 
ordinary  common  sense.  It  was,  therefore,  well  within  the  grasp  of 
workmen,  sample  passers,  and  students  ;  but  shoidd  be  of  most  use  to 
others,  from  shop  managers  upwards,  who  had  to  deal  with  new  works 
or  extensions,  choice  of  process,  change  of  practice,  etc.,  and  to  everyone 
concerned  in  costs — current  or  prospective.  Such  matters  involved 
a  knowledge  of  local  prices  and  supply  conditions ;  and  every  case  had 
to  be  worked  out  separately  and  settled  on  its  merits — which  could 
hardly  be  done  without  a  reliable  system  of  calculation.  In  conclusion 
he  wished  to  apologise  for  the  deficiencies  of  the  paper.  There  were 
many  points  which  could  not  adequately  be  treated  in  such  a  brief 
review,  but  he  ventured  the  opinion  that  the  more  it  was  read  the 
more  there  would  be  found  in  it. 

In  reply  to  Mr.  Talbot  as  to  the  advantage  of  blowing  the  slag  off 
a  fixed  furnace  he  (Mr.  Bagley)  had  always  held  that  the  chief  advantage 
of  the  tilting  furnace  was  the  facility  of  timely  removal  of  the  excess 
slag  inseparable  from  the  liquid  metal  basic  O.H.  process.  For  cheap 
steel  ingots  on  the  large  scale,  that  process  was  essential.  Cheap  pig  iron, 
usually  more  or  less  phosphoric,  must  always  be  the  basis ;  haematite 
irons  suitable  for  the  acid  process  were  too  expensive,  while  steel  scrap 
was  almost  worth  haematite  price,  and  could  never  be  available  in 
sufficient  quantity  (except  locally)  on  a  large  scale.  With  a  large  pro- 
portion of  pig  iron,  even  of  good  quality,  a  large  make  of  slag  was  inevit- 
able, which  meant  small  outputs  and  high  costs  unless  it  were  readily 
removable.  The  various  ways  of  evading  that  difficulty  had  already 
been  considered,  but  the  only  direct  methods  of  removing  the  slag  with- 
out transferring  the  metal  also,  were  by  blowing  it  off  or  by  the  use  of 
tilting  furnaces — which,  of  course,  were  much  more  expensive  than 
fixed  furnaces  of  equal  size.  The  extra  cost  was  repeated  with  every 
furnace  built,  whereas  the  cost  of  a  blowing' plant  suitable  for  any 
number  of  furnaces  was  less  than  the  difference  between  a  single  tilting 
furnace  and  a  fixed  one  of  equal  size. 

The  process  could  also  be  applied  quickly  and  effectively  to  existing 
fixed  furnace  plants,  thus  bringing  them  right  vtp  to  date  instead  of 
scrapping  them. 
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THE  ACID   HEARTH  AND   SLAG. 

By  J.  H.  WHITELEY  akd  A.  F.  HALLIMOND,  M.A, 
(Stookton-on-Txxs). 

Thb  present  paper  is  a  record  of  observations  and  experiments 
made  upon  the  acid  open-hearth  process  during  the  past  few 
years.  The  first  part  consists  chiefly  of  a  description  of  the 
structure  of  slowly  cooled  acid  slags  and  of  the  stability-relations 
of  the  minerals  formed  in  them.  This  was  a  necessary  preUminary 
to  the  study  of  the  structure  of  the  hearth  itself,  which  forms 
the  subject  of  Part  II.  Part  III.  deals  with  the  reactions  which 
occur  in  the  molten  slag ;  it  is  for  the  most  part  independent 
of  the  earlier  portion  and  might  be  read  separately.  The  view 
is  here  advanced  that  an  important  part  of  the  oxidation  of 
the  metalloids  is  due  to  the  reduction  of  ferric  oxide,  which  is 
continually  being  formed  in  the  slag  by  the  action  of  the  furnace 
gases.  The  subject  is  somewhat  controversial,  and  the  authors 
hope  that,  though  their  conclusions  may  not  be  entirely  in 
accordance  with  the  views  of  other  workers,  the  consideration 
of  the  reactions  from  this  standpoint  may  stimulate  investi- 
gation of  the  many  difficult  problems  connected  with  the  acid 
process. 

PART  I. 

Thb  Microstructure  and  Mineral  Composition 
OF  Acid  Slaqs. 

Most  of  the  acid  open-hearth  slags  described  in  this  paper 
consist  principally  of  the  three  oxides  FeO,  MnO,  and  SiO, ;  they 
are  relatively  free  from  other  oxides,  such  as  CaO  and  MgO,  and 
their  behaviour  is  essentially  that  of  the  ternary  system  FeO- 
MnO-SiOa-  The  slags  obtained  in  the  acid  processes,  while  not 
sufficiently  varied  for  the  complete  description  of  this  system, 
serve  to  define  fairly  closely  the  behaviour  of  the  more  siliceous 
melts. 


Digitized  by 


Googk 


^00      WHITBLBY  AND  HALLIMOND  :    THB  AOID  HEARTH  AND  6LA0« 

A  general  discussion  of  the  crystalline  constitution  of  a  great 
variety  of  slags  was  published  in  1908  by  J.  H.  L.  Vogt  in  his 
classical  work  dealing  with  the  application  of  the  principles  of 
physical  chemistry  to  the  silicate  melts.^  The  majority  of 
Yogt's  slags  contain  important  amounts  of  lime^  alumina,  or 
magnesia,  and  are  therefore  not  of  service  in  the  study  of  the 
above  system.  A  certain  number,  however,  resemble  in  com- 
position those  here  described  and  have  therefore  been  included 
in  Table  I.^  where  a  summary  is  given  of  the  analyses  of  all  the 
slags  of  which  the  microstructures  are  described  in  the  present 
paper. 

Bale  of  Cooling. — In  dealing  with  silicate  melts  the  greatest 
importance  attaches  to  the  rate  at  which  the  sample  is  cooled ; 
small  samples  which  have  cooled  rapidly  are  most  frequently 
glassy,  and  even  if  crystalUsation  has  occurred  the  conditions 
may  differ  widely  from  those  in  which  the  phase  rule  can  be 
applied.  It  is  important,  therefore,  to  choose  for  examination 
samples  which  have  cooled  at  the  slowest  rate  possible.  In  the 
present  case  samples  were  taken  from  slag-baUs  weighing  from 
6  to  8  tons,  and  which  had  been  cooled  in  air  in  the  usual  way. 
Even  here  the  microstructure  shows  evidence  of  a  certain  degree 
of  super-cooling ;  the  cristobalite  in  particular  is  invariably 
dendritic,  a  structure  which  probably  indicates  ,that  the  melt 
was  approaching  a  labile  condition  with  respect  to  this  sub- 
stance at  the  time  when  it  crystallised.  These  melts  may  be  said, 
therefore,  to  be  on  the  border-line  beyond  which  more  quickly 
cooled  slags  will  show  increasing  deviation  from  the  conditions 
represented  in  a  "  phase-rule  "  diagram  of  the  usual  kind.  The 
effects  of  super-cooling  on  the  microstructure  have  been  discussed 
in  detail  by  Vogt,  who  found  that  even  in  cases  where  the  failure 
of  a  crystalline  substance  to  appear  (owing  to  super-cooling) 
gave  rise  to  a  deviation  from  the  correct  proportions  required 
for  the  various  silicates  by  the  equilibrium  diagram,  yet  the 
boundaries  of  the  different  areas  could  be  ascertained  with 
considerable  precision  by  observing  the  order  of  separation  of 
the  minerals.  The  method  has  been  frequently  used  by  other 
workers  on  the  silicate  melts,  and  by  it  the  diagram  given  in 
Fig.  1  has  been  constructed. 

i  J.  H.  L.  Vo0t,  "Di«  SmkatMhm«lsloraiig«n.*>  1903. 


Digitized  by 


Googk 


WHITELET  AND  HALLIMOND  :    THE  ACID  HEAiRTH  AND  BLAG.       201 


4  4 

I"  I- 


Ills 


e1 


sss 


op  o)«  ^ 

O)  C)  A  <& 
O  Oft  Oft  o> 


to  (O  -4 

666 


6666 


^  6  >H  >H 


O 


o 


00  ^ooce 


cot^oo 

666 


<4iebcoo« 


O 
£ 


ft  iSi-i 


O 


1^666 


66^1. 


lOQ  00 


g 


d 

B5 


MIO04 

sis 


66qi  to 


I 


32 
SS 


Ocp 


op<N 

o  CO 


>0I 

;9 


|4 

II 

It 


op  op 
6  CO 


8  = 


m4tO 

Oft  00 

66 


io6 


00  00 


»^   :^ 


tot-    , 

S2^    • 


00 

s 

o 

ts 

o 

•<6 

K 

Q  _ 

t^* 

s 

:S 

ce 

tH 

'  ib 

5^ 

4 

to 

.  1-4 

S 

lb 

1-4 

"S 

.?2 

lO 

'5 

«»P® 

1 

«D^(N 

1-1.-^.-^ 

SoS 

^ 

SS2 

« 

S 

:t* 

i 

o 

•©1 

^ 

1 

^6 

s^<s 


i 

'to 

I 

'■'.     -SSS 

11  ill! 

3  :  ptStfpSh 


oot^^t^t^co 


SS8 


.s 


^ 


CO  lO  >H  oftO  Oft 

oo -*  -*  00  r^  •-« 
'^6(N  •h6»h 


8      .H.6 1:^)0  cor* 

r5      dcop-toicoco 


*Meooi(Ncboi 

OftcoSt^  wqi 


>SioSSS 


Digitized  by 


Googk 


202     WmtBtifiT  AND  HALLIIf OKD  :    TfiB  AOtD  BBARTfi  AKD    Bhk(3t. 

It  has  been  remarked  that  the  aoid  slags  here  described  are 
essentially  melts  of  the  three  oxides  FeO,  MnO,  and  SiOj.  In  the 
triangular  diagram  (Fig.  1,  p.  210)  the  composition  of  each  slag 
has  been  represented  by  a  point  the  distance  of  which  from  any 
one  of  the  three  sides  is  proportional  to  the  percentage  of  the 
oxide  named  at  the  comer  opposite  that  side.  Before  the  general 
character  of  the  diagram  is  considered,  it  will  be  necessary  to 
describe  briefly  the  minerals  present  in  the  various  slags  examined 
and  their  microstructure.  Besides  the  examination  of  thin 
sections  by  transmitted  light  according  to  the  usual  petrogra- 
phical  method,  useful  information  can  often  be  obtained  from 
the  appearance  of  polished  sections  under  vertical  illumination. 
The  latter  method  has  recently  been  employed  by  Dr.  McCance 
in  a  study  of  the  non-metallic  inclusions  in  steel,^  and  is  particu- 
larly useful  in  dealing  with  very  fine  structures,  since  the  highest 
magnification  can  be  employed  without  that  loss  of  definition 
which  occurs  with  transparent  sections,  owing  to  their  thick- 
ness ;  the  outline  of  crystals  is  that  of  a  true  plane  section,  a 
fact  which  renders  their  identification  more  easy,  though,  on  the 
other  hand,  very  small  fibres  and  grains  appear  only  as  minute 
points  where  they  meet  the  surface  and  are  liable  to  be  over- 
looked. 

Minerals  occurrino  in  Acid  Slags. 

1.  Silica.^ — Both  the  high  temperature  forms  of  this  sub- 
stance, namely,  tridymite  and  cristobalite,  commonly  occur  in 
acid  slags,  and  may  often  be  seen  together  in  one  microsection. 
They  are  distinguished  by  means  of  a  slight  difference  between 
their  refractive  indices,  and  can  often  also  be  identified  by  their 
very  characteristic  crystal  habits ;  an  account  of  the  methods 
used  has  recently  been  given  by  Dr.  H.  H.  Thomas,'  and  the 
.minerals  here  described  have  been  determined  in  this  way. 

(a)  Cristobalite. — ^Even  in  the  largest  slag-balls  the  crystals 
are  dendritic.  They  occur  as  skeletal  octahedra  or,  more  often, 
as  plates  which  in  section  show  a  curious  ladder-like  structure, 
very  characteristic  of  this  mineral;    these  plates  are  formed 

1  Journal  cf  the  Iron  and  Sted  In&tUuU,  1918,  Na  I.  pp.  239-286. 
*  A  summaiy  of  some  recent  papers  on  silica  has  been  given  in  Engineering,  December  6, 
1918. 

>  Journal  <^  the  Iron  and  SUd  IntiihUe,  1918,  No.  IL  p.  104. 
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through  the  extension  of  a  crystal  by  dendritic  growth  in  directions 
parallel  with  one  of  the  octahedron  faces,  usually  in  the  direction 
of  the  three  edges  (Photo.  21).  The  flat  dendrites  so  produced 
become  covered  on  either  side  by  a  thin  continuous  film  of  cristo- 
balite  which  entraps  the  interstitial  iron  silicate  of  the  dendrites. 
Both  the  octahedra  and  the  dendritic  form  are  seen  in  section  in 
Photo.  14.  Photo.  26  shows  the  hollow  octahedra  in  parallel  growth 
on  a  flat  plate  from  a  cavity  in  the  centre  of  the  same  slag-ball. 

(6)  Tndymite. — ^At  the  temperature  of  freezing  of  these  slags 
this  is  the  stable  form  of  silica.  It  occurs  as  thin  hexagonal 
plates,  which  appear  as  laths  in  the  section  (Photo.  1).  This 
habit  was  very  constant  in  all  the  slags  examined,  but  in  the 
sections  of  the  furnace-hearth  elongated  crystals  are  found,  while 
it  may  be  remarked  that  in  certain  silica  bricks  heated  at  ].ower 
temperatures  the  predominant  habit  is  an  arrow-head  twin. 

At  temperatures  approaching  the  melting  point  of  pure  silica, 
cristobalite  is  the  stable  form.^  This  view  has  recently  been 
questioned  by  Professor  Le  Chatelier,^  but  is  very  strongly 
confirmed  by  the  evidence  here  given,  for  it  is  found  that  in  the 
surface  layers  of  the  silica  bricks,  the  banks,  and  the  hearth  of 
the  acid  furnace  the  silica  is  present  as  cristobalite.  As  regards 
the  banks,  at  least,  there  can  be  little  doubt  that  the  material 
for  the  most  part  is  in  the  soUd  state,  even  at  the  temperature 
of  the  furnace. 

In  view  of  the  close  similarity  between  the  physical  constants 
of  the  two  forms  of  silica,  it  is  not  surprising  to  find  that  they 
differ  but  little  in  stability  with  respect  to  the  melt,  and  that 
both  minerals  frequently  occur  together  in  the  same  slag  in 
proportions  that  vary  quite  irregularly  from  point  to  point  in 
the  section.  As  has  been  said,  cristobalite  is  invariably  skeletal, 
while  the  tridymite  crystals  exhibit  a  stable  tabular  habit.  It 
seems  clear  that,  on  super-cooling,  the  unstable  phase  often 
crystallises  first  and  undergoes  rapid  growth  in  the  dendritic 
form.  Crystals  of  tridymite,  on  the  other  hand,  even  when 
present  in  a  super-cooled  melt,  seem  to  have  a  much  slower  rate 
of  crystal  growth  than  cristobalite,  and  are  frequently  to  be 
seen  scattered  among  cristobalite  of  subsequent  growth. 

1  AfMriean  Journal  of  Seitnct,  4th  aeries,  1913,  yol.  xzxri.  p.  331. 
•  BvUetin  de  la  SoeUti  de  Mineralogi*,  yoL  zl.  p.  44. 
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2.  Silicates  of  the  OUvine  Group. — The  orthosilicate  (mono* 
silicate)  of  iron,  2FeO,Si02,  which  crystallises  in  this  group, 
is  known  as  fayalite,  while  tephroite  is  the  corresponding  iso- 
morphoos  manganese  silicate.  In  dealing  with  such  compounds 
as  these,  which  can  crystallise  together  in  a  more  or  less  complete 
series  of  mixed  crystals,  the  mineral  names  are  generally  used 
to  denote  also  crystals  that  approximate  in  composition  to 
the  pure  compounds.  When  both  bases  are  present  in  nearly 
equal  proportions,  an  ambiguity  arises ;  this  is  the  case  with 
the  present  group,  the  iron-manganese  olivines  from  the  acid 
slags  are  sometimes  richer  in  fayaUte,  sometimes  in  tephroite,  and 
both  names  have  been  employed  by  previous  writers.  Vogt  for 
brevity  calls  the  mineral  fayalite,  and  it  will  be  convenient  in 
the  present  paper  to  use  this  name  to  indicate  all  the  iron- 
manganese  olivines  met  with,  as  well  as  the  pure  iron  compound. 

A  mineral  containing  equal  amounts  of  the  fayaUte  and 
tephroite  molecules  has  been  termed  *'  knebeUte."  This  may  be 
only  an  intermediate  member  of  the  isomorphous  series,  or  it 
may  be  a  double  salt ;  for  the  present  the  name  has  not  been 
used  on  account  of  this  uncertainty.  The  whole  olivine  group 
requires  a  more  detailed  examination  before  the  true  nature  of 
the  intermediate  mixtures  can  be  ascertained. 

These  oUvines  are  distinguished  by  their  straight  extinction, 
moderately  good  cleavage,  and  symmetrical  outlines  in  thin 
section.  They  have  a  high  refractive  index,  and  are  generally 
somewhat  brown  in  the  microsection,  but  are  not  markedly 
pleochroic.  In  slags  that  have  been  rapidly  cooled  the  mineral 
forms  very  characteristic  groups  of  parallel  or  radiating  crystals. 

8.  Silicates  of  the  Riiodonite  Oroup. — The  pure  manganese 
metasilicate  (bisilicate),  MnO^SiO^,  is  one  of  the  end  members 
of  a  series  of  mixed  crystals  which  may  contain  very  considerable 
amounts  of  the  corresponding  iron  and  calcium  silicates.  The 
latter  must  be  supposed  to  be  present  as  the  isomorphous  com- 
pounds, though  these  have  not  so  far  been  obtained  in  the  pure 
state  by  direct  crystallisation  from  fusion. 

The  analysis  of  the  rhodonite  from  slag  6  is  given  in  Table 
I.,  6a.  In  the  present  investigation  it  was  found  that  the  limit 
beyond  which  the  slags  yielded  fayalite  instead  of  rhodonite 
was  reached  when  the  slag  contained  a  ratio  FeO  :  MnO  =  78  :  27 
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(p.  210).  The  rhodonite  richest  in  iron  is  therefore  to  be  expected 
from  a  slag  approaching  this  composition ;  analysis  7a  (Table  I.) 
shows  the  iron  and  manganese  oxides  in  the  rhodonite  from  slag 
No.  7y  which  contained  approximately  the  above  ratio,  and  it 
will  be  seen  that  the  ratio  of  iron  oxide  to  manganese  oxide  in 
the  mineral  has  reached  the  value  71 :  29. 

The  amomits  of  lime,  manganese,  and  iron  in  these  minerals 
are  remarkably  close  to  those  in  the  fluid  slags  from  which  they 
separate.  How  far  the  amount  of  calcium  siUcate  in  the  mineral 
can  increase  is  not  at  present  known,  but  it  seems  likely  that  the 
limit  is  fairly  low,  for  slag  9,  which  contained  7*8  per  cent,  of 
Ume,  yielded  another  silicate  which  will  be  described  below. 

The  rhodonites  are  easily  recognised  by  their  very  well-marked 
cleavage  in  three  directions,  of  which  two  are  parallel  with  the 
elongation  of  the  crystals  and  one  is  inclined  obliquely ;  by  their 
high  extinction  angle,  and  by  the  oblique  termination  of  the 
crystals.  The  cleavage  causes  the  rhodonite  slags  to  be  rather 
friable.  The  refractive  index  is  high  and  the  mineral  is  usually 
somewhat  brown  in  thin  section,  but  not  markedly  pleochroio. 
Tjrpical  rhodonite  crystals  are  seen  in  Photos.  8  and  24. 

4.  Anorthic  Metasilicaie  of  Iron,  Calcium,  Manganese,  and 
Magnesmm. — Slags  that  are  fairly  rich  in  lime  yield  a  mineral 
which  possesses  two  cleavages  parallel  with  the  elongation,  but 
has  Uttle  or  no  cross  cleavage  ;  when  crushed  the  mineral  forms 
hard  needle-Uke  flakes  that  readily  penetrate  the  skin.  The 
extinction  is  nearly,  but  not  quite,  straight,  and  the  birefrin- 
gence  of  the  flakes  is  noticeably  low,  an  optic  axis  emerging  in 
a  direction  nearly  normal  to  each  of  the  cleavages.  In  thin 
section  the  mineral  is  identified  by  the  absence  of  cross  cleavage, 
by  the  obhque  terminations,  and  by  the  low  birefringence  and 
low  extinction-angle  of  the  longer  sections. 

The  analysis  of  crystals  separated  from  slag  No.  8  (see  Photo. 
28)  is  given  in  Table  I.,  8a.  The  mineral  evidently  contains 
lime  as  an  essential  constituent ;  it  is  a  metasiUcate,  but  its 
properties  do  not  seem  to  agree  with  those  of  any  of  the  known 
minerals  of  similar  composition.^ 

>  A  desoriptioQ  of  thia  sabstanoe  htm  been  oommomoated  to  the  Miiien]<^cal  Sooiety,  at 
the  meeting  on  March  18, 1910 ;  a  mineral  apparently  ideotioal  with  thia  in  a  piece  of  slag  of 
uiknown  origin  has  been  diaoribed  by  0.  mawatsch  in  1007  and  was  named  by  him  Vqgtite 
in  hooonr  of  J.  H.  L.  Vpgt. 
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Description  of  tbb  Miorostruotube  of  the 
Slags  in  Table  I. 

The  reference  numbers  are  those  of  the  analyses  in  Table  I., 
and  the  sections  described  are,  unless  otherwise  indicated,  from 
the  pieces  analysed.^  It  is  of  some  interest  to  compare  the  appear- 
ance of  the  transparent  section  with  that  of  the  poUshed  dag 
under  vertical  illumination,  and  a  few  typical  examples  have 
been  treated  by  both  methods. 

No.  1  (Photo.  1). — The  free  silica  is  mainly  present  as  tridy- 
mite,  in  plates  which  have  a  lath-shaped  section.  Among  these 
are  a  few  rounded  crystals  of  cristobalite.  The  ground-mass  is 
fayalite,  which  has  idiomorphic  outlines  against  small  patches  of 
residual  brown  glass.  The  silica  of  the  eutectic  residue  (fayaUte- 
silica)  has  largely  been  precipitated  on  the  numerous  flakes  of 
tridymite  already  present ;  in  one  portion  of  the  slide,  however, 
the  section  passed  through  a  crack  in  the  slag  into  which  this 
residue  had  drained,  and  here  the  siUca  had  crystallised  in  a 
second  (eutectic)  generation,  apparently  a  Uttle  later  than  the 
accompanying  fayaUte  which  forms  about  four-fifths  of  the 
eutectic  (Photo.  5)  [E  11890]. 

No.  1.  Polished  Section  (Photo.  2). — The  tridymite  is  dark, 
while  the  glass  is  lighter  in  tone  and  somewhat  mottled,  owing 
to  the  presence  of  crystallites.  The  light  constituent  is  the 
fayalite,  its  outlines  against  the  glass  often  exhibit  the  symmetry 
of  the  olivine  group.  The  glass  contains  a  few  small  bright  crystals 
of  magnetite. 

No.  2. — This  analysis  is  very  nearly  the  same  as  No.  1,  but 
the  structure  suggests  more  rapid  cooling.  Cristobalite  is  the 
first  mineral  to  freeze,  in  extensive  dendritic  growths  which  are 
imbedded  in  a  fine-gramed  ground-mass  of  fayalite  with  a  little 
brown  glass  [E  11898]. 

No.  3  (Photo.  14). — Sample  taken  from  the  centre  of  a  slag- 
ball.  The  free  silica  is  present  as  large  dendrites  of  cristobalite 
(p.  202)  imbedded  in  a  ground-mass  of  fayalite  and  glass.  In 
the  larger  patches  of  ground-mass  the  second  (eutectic)  genera- 

^  Baplioates  of  many  of  theae  slags  hare  been  presented  to  H.M.  Geological  Surrey 
the  numbers  preceded  by  the  letter  E  refer  to  registered  sections  in  the  Survey  ooUeotion. 
The  authors  desire  to  express  their  thanks  to  the  Director  for  permission  to  figure  slide 
B  11897  (Phota  24).    The  other  photographs  are  from  sections  prepax«d  by  Mr.  J.  Lomaz. 
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tion  of  silica  has  crystallised  in  small  grains  between  the  fayalite 
crystals  [E  11901]. 

No.  4  (Photo.  8). — Cristobalite  (with  some  tridymite),  in 
scattered  plates  that  show  the  typical  ladder-like  section,  has 
been  followed  by  rhodonite  in  obliquely  terminated  anorthic 
crystals  that  are  imbedded  in  a  considerable  amount  of  brown 
glass  [E  11892]. 

No.  4.  Polished  Section  (Photo.  4). — Tridymite,  dark ;  the 
glass,  which  is  intermediate  in  tone,  contains  skeletal  octahedra 
of  magnetite ;   half-tone,  rhodonite. 

A  section  taken  from  the  quickly  cooled  layer,  about  3 
inches  from  the  outside  of  the  slag-ball,  shows  that  the  silica 
has  there  been  precipitated  in  numerous  small  rosettes  which 
occur  imbedded  in  the  other  constituents  (Photo.  15)  [E  11891]. 

Nos.  5  and  6. — The  structure  in  these  sections  is  very  similar 
to  that  of  No.  4. 

No.  7  (Photo.  24). — This  slag  is  of  unusually  low  acidity 
and  contains  no  free  siUca  ;  the  large  crystals  of  rhodonite  which 
form  the  bulk  of  the  slag  are  separated  by  a  brown  glass  in  which 
can  be  seen  narrow  elongated  crystals  of  fayalite.  The  structure 
is  very  similar  to  that  of  one  of  the  slags  figured  by  Vogt 
(No.  60a),  which  differs  chiefly  in  containing  a  lower  ratio  of 
iron  to  manganese  [E  11897]. 

No.  7.  Polished  Section  (Photo.  12). — The  edges  of  large 
rhodonite  crystals  are  partly  seen  at  each  side  of  the  photograph. 
In  the  centre  is  an  c^ea  of  glass  containing  small  rhodonite  crystals. 
Two  crystals  of  fayalite,  of  a  paler  tint  than  the  rhodonite,  are 
imbedded  in  the  glass  ;  one  has  synmietrical  outlines,  the  other 
is  partially  iaduded  in  one  of  the  large  rhodonite  crystals. 

No.  8  (Photo.  23). — This  slag  is  of  rather  low  acidity  and 
contains  no  free  silica.  The  anorthic  metasilicate  described 
on  p.  205  is  the  principal  mineral  and  occurs  in  flat  elongated 
crystals,  which  sometimes  attain  a  length  of  several  inches  and 
are  often  hollow,  the  interior  being  filled  with  glass.  The  inter- 
stitial glass  contains  many  small  curved  crystals  of  the  same 
mineral.  The  analysis  of  the  separated  silicate  is  given  in 
Table  I.,  8a  [E  11896]. 

No.  9  (Photo.  7).— Plates  of  cristobalite  with  the  usual 
ladder-like  section  liave  been  partially  refan^oped  by  elongated 
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crystals  of  the  anorthic  metasilicate  ;*  the  interstices  are  filled 
vdth  a  brown  glass  in  which  are  narrow  lines  of  fayalite.  The 
stracture  of  the  glass  is  really  complex,  as  will  be  seen  in  Photo. 
8,  which  shows  a  polished  section  of  the  same  slag.  The  dark 
irregular  grains  are  part  of  one  of  the  large  plates  of  dendritic 
cristobalite,  while  the  metasilicate  is  seen  on  the  opposite  side 
as  a  sharply  angular  crystal,  and  the  intervening  space  represents 
one  of  the  dark  areas  in  the  transparent  section.  This  last 
portion  is  composed  almost  entirely  of  small  crystals ;  one  of 
the  bands  of  fayalite  is  visible  as  a  series  of  crystals,  in  parallel 
orientation,  which  appear  much  brighter  than  the  metasilicate ; 
the  remaining  space  is  occupied  by  a  dark  constituent,  which  may 
still  be  glassy  and  which  contains  thin  curved  metasilicate  crystals 
that  are  in  places  evidently  continuous  with  the  larger  crystal 
of  the  same  mineral. 

Nos.  10  and  11. — The  specimens  and  microsections  used  for 
the  following  description  were  kindly  transmitted  by  Mr.  AUan 
B.  Dick,  to  whom  the  authors  desire  to  express  their  thanks. 

The  slag  was  made  many  years  ago  in  a  Siemens  furnace 
in  Scotland ;  it  was  collected  and  preserved  on  account  of  the 
presence  in  it  of  remarkable  spherical  nodules,  which  measured 
from  half  an  inch  to  2  inches  in  diameter.  When  the  slag 
was  broken  the  nodules  readily  became  detached  from  the  matrix 
through  the  presence  of  a  porous  layer  at  the  surface  of  the 
spheres ;  when  split  open  they  showed  a  crystalline  fracture 
radiating  from  the  centre.  Microsections  show  that  the 
matrix  (Photo.  25)  is  a  typical  acid  slag  containing  plates  of 
dendritic  cristobalite  in  a  ground-mass  of  fayalite  and  glass ; 
the  nodules  (Photo.  6)  contain  scattered  flakes  of  tridymite, 
together  with  a  certain  amount  of  cristobalite,  in  small 
rounded  grains,  but  the  ground-mass  is  rhodonite,  which  has 
a  radiated  structure ;  this,  too,  is  the  normal  structure  of  a 
certain  class  of  acid  slags  and  resembles  Nos.  4,  5,  and  6.  As 
will  be  shown  later,  the  acid  slags  may  be  grouped  according 
to  the  silicate  present,  the  formation  of  fayalite  or  rhodonite 
being  conditioned  by  the  ratio  of  iron  to  manganese  in  the  liquid 
slag.  The  analyses  of  the  slag  matrix  (No.  10)  and  of  one  of  the 
nodules  (No.  11)  are  given  in  Table  I. ;  these  analyses  lie  very 
close  to  the  critical  analysis  separating  the  two  classes  {<^.  Fig.  1). 
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When  a  slag  of  this  composition  has  become  super-cooled  both 
structures  are  possible,  and  the  nature  of  the  siUcate  which 
crystallises  may  be  determined  by  accidental  causes,  such  as 
the  introduction  of  suitable  nuclei.  In  the  present  instance 
it  would  appear  that,  when  the  mass  was  super-cooled  with 
respect  to  silica  and  rhodonite,  crystallisation  of  rhodonite 
was  initiated  at  a  few  centres,  from  which  grew  spheres  of 
rhodonite  slag  in  which  the  free  siHca  was  deposited  as  small 
grains  that  are  often  enclosed  within  the  rhodonite  crystals. 
The  acid  slags  contain  a  certain  amount  of  gas,  and  the  libera- 
tion of  this  from  the  slag  as  it  crystallised  will  no  doubt  account 
for  the  porosity  at  the  surface  of  the  nodules.  When  the  spheres 
had  grown  to  a  certain  size,  the  surrounding  Uquid,  which  had 
meanwhile  deposited  large  dendritic  plates  of  cristobaUte, 
solidified  with  the  formation  of  fayaUte,  so  that  the  nodules  of 
rhodonite  slag  were  enclosed  in  a  normal  fayalite  slag. 

The  Tbrnaby  Diagram,  FeO-MnO-SiOa. 

The  triangular  diagram  represented  in  Kg.  1  has  been  con- 
structed from  the  analyses  of  the  slags  described  in  the  preceding 
section.  The  points  shown  represent  the  composition  of  the  slags 
as  given  in  Table  I.,  the  number  placed  near  each  point  being 
that  of  the  sample  in  the  table.  Owing  to  the  presence  of  small 
amounts  of  other  substances,  the  total  percentage  of  the  three 
oxides  is  always  somewhat  below  100,  and  it  was  therefore 
necessary  to  adopt  a  fixed  order  in  plotting  the  values ;  the 
method  used  was  to  divide  the  base  of  the  triangle  in  the  ratio 
of  the  iron  and  manganese  oxides  present  and  to  mark  off  the 
representative  point  upon  the  line  joining  the  apex  to  this  division 
of  the  base,  at  a  value  corresponding  with  the  percentage  of 
siUca  present.  The  diagram  thus  obtained  can  be  regarded 
as  approximately  that  of  the  ternary  system,  but  it  must 
necessarily  remain  incomplete  until  a  full  determination  of,  the 
system  has  been  made  by  the  experimentlil  preparation  of  those 
melts  which  are  not  encountered  among  the  acid  slags ;  for  the 
present  it  may  serve  as  a  guide  for  the  study  of  the  materials  of 
the  acid  process. 

In  accordance  with  the  usual  practice,  the  diagram  has  been 
X919-i,  ? 
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divided  into  areas  ;  each  area  includes  the  compositions  of 
those  melts  from  which  one  of  the  minerals  concerned  is  the 
first  to  separate  on  cooling.  In  most  of  the  slags  analysed 
silica  was  the  first  mineral  to  freeze,  the  slags  being  generally 
more  acid  than  those  described  by  Vogt.  The  siUca  was  followed 
by  a  silicate,  and  it  was  soon  observed  that  the  slags  could  be 
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Fio.  1.— The  Ternary  Sjstem  FeO-MnO-SiO,. 


divided  into  two  groups,  in  one  of  which  the  silica  was  followed 
by  rhodonite,  in  the  other,  by  fayalite.  The  factor  determining 
which  silicate  shall  form  is  the  ratio  between  the  FeO  and  MnO 
in  the  slag,  the  two  classes  being  separated  by  the  critical  ratio 
PeO :  MnO  =  73  :  27  ;  with  more  manganese,  rhodonite  is  ob- 
tained ;  with  more  iron,  fayalite.  When  the  slag  deposits  free 
silica  its  composition  changes  during  the  separation  of  the  silica 
along  a  line  which  is  the  continuation  of  that  joining  the  apex 
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SiOa  with  the  representative  point  of  the  slag  ;  when  the  liquid 
has  attained  the  composition  of  the  euteotio,  in  the  absence  of 
super-cooling,  the  silicate  and  silica  separate  together  in  the 
eutectic  proportion. 

The  binary  system,  SiOj-MnO,  has  been  described  by 
Doerinckel,  whose  diagram  has  recently  been  reproduced  by 
McCance.^  The  points  in  Kg.  1,  on  the  line  SiOs-MnO,  have  been 
taken  from  these  data.  In  the  binary  diagram  the  siUca-line 
meets  the  rhodonite-line  practically  at  the  melting  point  of 
rhodonite.  There  is  thus  no  eutectic  between  the  two  com- 
pounds, the  separation  of  silica  being  followed  by  that  of  the 
rhodonite.  From  the  structures  previously  described  it  is  clear 
that,  in  the  ternary  diagram  of  Fig.  1,  the  boundary  between 
the  siUca  and  rhodonite  areas  must  pass  between  slags  4  and  6, 
and  slags  7  and  69.  The  proportion  of  free  silica  in  the  fayalite 
slags  is  greater  than  that  in  those  yielding  rhodonite,  and  the 
boundary  must  therefore  turn  sharply  downwards  as  it  approaches 
the  ratio  FeO  :  MnO  =  73  :  27.  Beyond  this  ratio  fayalite 
separates,  and  at  this  point,  therefore,  the  three  boundaries 
between  fayalite,  silica,  and  rhodonite  must  meet. 

The  boundary  fayalite-silica  represents  a  well-defined  eutectic. 
A  true  eutectic  structure  is  sometimes  to  be  observed  in  the 
mill  cinders  (soaking-pit  cinders),  where,  as  far  as  can  be  judged 
from  microsections,  the  eutectic  contains  about  40  per  cent, 
total  silica  and  60  per  cent.  FeO.  The  boundary  is  probably 
fairly  horizontal  between  this  and  the  ternary  eutectic  point. 
The  eutectic  structure  is  not  well  seen  in  the  slowly  cooled  slags, 
but  in  slag  No.  8  (Photo.  14)  the  ground-mass  consists  of  an 
^ggi^eg^te  of  siUca  and  fayalite  in  about  the  eutectic  proportion. 
In  slag  No.  1  the  section  had  passed  through  a  vein  of  similar 
eutectic  material  that  had  flowed  into  a  crack  during  the  solidi- 
fication ;  this  is  seen  in  Photo.  6. 

Like  the  preceding  boundary,  that  between  rhodonite  and 
fayalite  appears  to  be  nearly  horizontal ;  it  passes  between 
Yogt's  slags  606  and  61,  and  meets  the  side  of  the  diagram  at 
MnO  =  60  per  cent. 

Tephroite  is  stated  to  be  unstable  at  its  melting  point, 
and    the   boundary  between  tephroite  and  MnO  starts  from 

1  Journal  of  ih9  Iron  and  Sted  Institute,  1918,  No.  I.  p.  240. 
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SiOa  =  82  per  cent.  Concerning  the  further  course  of  this 
boundary  and  the  behaviour  of  the  less  siliceous  melts  no 
hiformation  is  obtainable  from  the  slags  here  under  discussion. 


Tec  areO,SiO;^     FeO,  SiOjj^ 

Fio.  2— Approximate  Diagimm  of  Binaiy  System  FeO-SiOa. 


510;^ 


In  concluding  this  account  of  the  ternary  diagram,  it  may 
perhaps  be  remarked  that  the  similarity  between  the  systems 
PeO-SiOj  and  MnO-SiOa  is  very  strongly  marked.    It  is  true 
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that  the  metasilicate  of  iron  does  not  appear,  but  this  does  not 
imply  any  great  difference  in  stability  between  the  two  meta- 
silicates ;  the  rhodonite  surface  evidently  passes  beneath  that 
of  fiilica  by  a  gentle  inclination,  which  suggests  that  the  stability 
line  or  melting-point  curve  of  the  iron  member  of  the  rhodonite 
group  is  only  slightly  below  that  of  silica.  This  may  be 
represented  in  the  manner  shown  in  Fig.  2. 

Slags  containing  Lime. 

Small  amounts  of  lime  are  present  in  many  of  the  analyses 
already  discussed.  The  corresponding  silicates  of  lime  are  soluble 
isomorphously  in  both  rhodonite  and  fayalite,  and  their  presence 
does  not  at  first  greatly  disturb  the  equilibrium  relations.  With 
large  amounts  of  lime  (over  8  per  cent.)  another  mineral  is  formed 
which,  like  rhodonite,  is  a  metasilicate  containing  manganese, 
calcium,  and  iron  (p.  205).  The  long  crystals  have  a  brilliant 
cleavage,  and  in  slags  of  which  the  composition  approaches  that  of 
the  pure  silicate  the  mineral  is  the  cause  of  great  inconvenience 
when  the  slag  is  crushed  for  road-metal.  Vogt  examined  many 
lime  slags,  but  these  were  in  general  richer  in  alumina  or  magnesia  ; 
the  minerals  observed  include  augite  and  olivine,  but  the  present 
silicate  does  not  seem  to  have  been  encountered. 

For  those  slags  which  yield  free  silica,  the  nature  of  the  silicate 
will  be  determined  by  the  ratio  of  the  three  bases  FeO,  MnO, 
CaO ;  these  could  conveniently  be  represented  in  a  triangular 
diagram,  but  many  more  analyses  will  be  required  before  even 
this  section  of  the  quaternary  system  can  be  described  with 
sufficient  accuracy. 

The  Structure  of  Reheated  Acid  Slags. 

In  order  to  examine  the  growth  of  tridjnoaite  at  temperatures 
somewhat  above  the  eutectic  point,  but  below  that  at  which 
the  inversion  to  cristobalite  occurs,  two  specimens  of  slag  of 
similar  composition,  in  the  glassy  and  crystalline  states 
respectively,  were  enclosed  in  a  steel  cylinder  and  heated  for 
eighteen  hours  at  a  temperature  of  approximately  1800°  C. 
The  case  was  withdrawn  from  the  furnace  and  cooled  in  air; 
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when  the  pieces  were  removed  it  was  found  that  they  had 
retained  their  shape,  but  had  become  welded  together.  The 
structure  of  the  reheated  glassy  slag  (part  of  a  spoon  sample) 
is  shown  in  Photo.  10 ;  it  consists  of  plates  of  tridymite  in  a 
glass  that  is  stained  by  a  shght  oxidation.  The  crystalline 
sample  (slag  No.  1,  Photo.  1)  is  shown  in  Photo.  11  ;  the  plates 
of  tridymite  originally  present  have  been  partially  redissolved 
by  the  melted  fayalite,  and  remain  imbedded  in  a  brown  glass. 
It  is  clear  from  this  experiment  that  tridymite  is  really  stable 
in  contact  with  the  melt  at  1300°  C.  The  structures  botained 
resemble  those  found  in  the  acid  hearth. 


The  Structure  op  quickly  cooled  Slao  Samples. 

In  the  small  **  spoon  samples  "  (2  to  8  inches  in  diameter) 
which  are  withdrawn  from  the  slag  during  the  process,  a  very 
interesting  structure  is  to  be  observed ;  it  is  probably  the  same 
as  that  referred  to  by  McCance,^  and  consists  of  very  minute 
crystals  or  crystalline  rosettes  imbedded  in  a  glassy  matrix. 
Under  vertical  illumination  the  crystals  appear  dark  gr^y  in 
contrast  with  the  Ughter  background  (Photo,  13) ;  this  tint  is 
similar  to  that  always  given  by  the  crystalline  forms  of  silica. 
In  transmitted  light  the  particles  in  thhi  sections  are  seen  to  be 
transparent  and  colourless ;  their  refractive  index  is  much 
lower  than  that  of  the  glass  in  which  they  occur,  and  also  in 
crushed  material  was  found  to  be  lower  than  1-55.  It  is  thus 
fairly  certain  that  they  are  a  form  of  silica ;  this  was  con- 
firmed by  digesting  the  slag  in  dilute  hydrochloric  acid,  when 
the  particles  were  left  as  a  fine  white  powder  which  volatiUsed 
with  hydrofluoric  acid.  The  mineral  has  been  mentioned  by 
Vogt,  who  observed  it  in  very  acid  slags,  and  surmised  that, 
if  a  silicate,  it  contained  a  very  high  percentage  of  silica ;  he 
termed  it  the  ''  enamel-mineral,''  on  account  of  the  dull  lustre 
which  it  imparts  to  the  slag. 

The  particles  are  common  in  acid  spoon  samples,  and  can 
appear  even  in  quickly  cooled  melts  which  would  normally  yield 
fayaUte.  They  are  sometimes  to  be  observed  in  the  crystalline 
slags  where  super-cooling  has  occurred ;  thus  the  exterior  of  the 

>  Loe.  dt,,  p.  206.  ' 
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slag-ball  which  yielded  analysis  No.  4,  at  a  distance  of  8  inches 
from  the  surface,  contained  rather  large  rosettes  imbedded  in  the 
other  constituents  (Photo.  15).  As  Le  Chatelier  has  remarked, 
glasses  generally  devitrify  with  the  formation  of  oristobalite,  so 
that  it  is  most  probable  that  the  particles  are  this  mineral  and 
not  tridymite. 

As  soon  as  a  spoonful  of  slag  is  withdrawn  from  the  bath,  the 
furnace  gases,  and,  later,  the  air,  begin  to  oxidise  the  upper  layer. 
When  the  cold  sample  is  fractured,  the  surface  is  seen  to  be  tinted 
a  deep  brown  or  black  to  a  depth  which  varies  with  the  character 
of  the  slag,  and  may  extend  to  a  distance  of  i^th  of  an  inch  ;  this 
action  takes  place  chiefly  before  the  slag  is  set,  for  samples  which 
have  been  covered  with  carbon  immediately  on  withdrawal  from 
the  furnace  still  show  an  oxidised  layer.  A  section  through  a 
typical  spoon  sample  of  a  slag  comparatively  free  from  lime  is 
shown  in  Photo.  9.  Even  in  the  thin  section  (about  -g^th  inch) 
the  slag  is  rather  opaque,  and  the  structure  is  best  revealed  by 
oblique  illumination,  which  was  used  in  taking  the  photograph. 
The  pale  glassy  centre  of  the  sample  is  seen  in  the  lower  part, 
and  above  it  is  the  dark  oxidised  layer  in  which  are  several  gas 
bubbles.  It  is  a  curious  fact  that  the  limit  of  the  crystallisa- 
tion which  extends  from  th.e  surface  downwards  is  marked  by  the 
lower  dark  boundary ;  in  other  cases  the  deep-brown  colour 
extended  beyond  the  crystallisation. 

Some  idea  of  the  extent  of  the  oxidation  may  be  obtained 
from  the  following  analyses  of  the  various  layers  in  one  of  these 
spoon  samples : 


FeO. 


Fe,0,. 


Top  layer 
Middle  layer 
Bottom  layer 


Per  Cent. 

Per  Cent. 

28-9 

271 

30-2 

1-3 

301 

1-42 

It  will  be  understood  that  in  testing  spoon  samples  for  FogOs 
the  top  layer  must  always  be  rejected. 

In  Part  III.  of  this  paper  the  view  will  be  advanced  that  gas 
oxidation  takes  place  partly  through  the  absorption  of  oxygen 
by  the  upper  layers  of  the  slag.    The  depth  of  the  oxidised  skin 
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in  the  spoon  sample  affords  a  useful  indication  of  the  power  of 
the  slag  to  absorb  oxygen.  Tidck  slags  invariably  show  less 
penetration  than  thin  slags,  as  is  well  seen  in  samples  taken  before 
and  after  an  ore  addition.  Again,  limey  slags  generally  have  a 
thin  oxidised  layer,  and  it  will  be  shown  later  that  such  slags 
retard  the  gas-oxidation  of  the  charge. 


PART  n. 
The  Acid  Hearth. 

Although  the  acid  hearths  which  have  been  examined  during 
the  course  of  the  present  investigation  were  originally  made  of 
silica  stone  and  sands  containing  over  96-0  per  cent,  of  silica, 
yet  the  analyses  of  these  hearths,  taken  after  they  had  been  in 
use  for  considerable  periods,  invariably  showed  a  much  lower 
silica  content,  and  micro-sections  through  different  parts  revealed 
the  presence  of  large  quantities  of  slag.  The  analyses  of  pieces 
from  various  positions  in  three  old  hearths  are  given  below : 

Table  II. 


1. 

2. 

8. 

Per  Cent. 

Per  Gent. 

Per  Cent 

SiO 

6700 

67-20 

68-10 

Fo.0, 

7-70 

0-30 

0-90 

Feb 

22-90 

19-80 

2310 

MnO 

110 

6-60 

3-90 

AUO, 

028 

2-80 

2-10 

CaO 

0-60 

2-20 

1-10 

MgO 

005 

004 

015 

TiO.. 

0-03 

1-20 

... 

90-66 

10014 

99  35 

No.  1,  taken  a  few  inches  beneath  the  surface  at  a  point  about 
2  feet  below  the  wash  (Photos.  18  and  19).  No.  2,  taken  near 
the  limit  of  penetration  of  slag  in  the  bricks  beneath  the  crushed 
ganister  used  in  making  the  lower  part  of  the  hearth.  No.  8, 
taken  just  above  the  top  layer  of  bricks  (Photo.  20). 

The  above  analyses  may  be  regarded  as  representative  of  the 
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composition  of  acid  hearths  which  have  been  in  use  for  some 
weeks  and  where  hme  has  not  been  added  in  any  great  quantity 
to  the  slags. 

Microstructure. — ^Photos.  16,  18,  19,  and  20  illustrate  the 
microstructure  of  various  parts  of  the  acid  hearth. 

Photo.  16. — Bank,  near  surface  exposed  to  the  gas,  showing 
a  patch  of  slag  rich  in  dendritic  crystals  of  magnetite,  between 
which  are  lighter  areas  of  fayaUte  and  a  few  plates  of  tridymite. 
The  white  ground-mass  is  entirely  ciistobaUte  and  contains  smaller 
slag  inclusions.  Very  little  trace  of  the  structure  of  the  original 
sand  grains  is  to  be  seen.  The  presence  of  the  magnetite  is  no 
doubt  due  to  the  oxidation  of  the  surface  layers  during  the  cooling 
of  the  furnace  [E  11708]. 

Photo.  18. — Old  bottom  (analysis  No.  1).  Interlacing  needles 
of  tridymite  in  fayaUte  with  areas  of  brown  glass.  The  position 
of  the  original  sand  grains  can  still  be  seen  [E  11537]. 

Photo.  19. — Another  part  of  the  same  section ;  cristobalite 
and  tridymite  areas  in  juxtaposition. 

'  Photo.  20. — Lower  part  of  the  hearth  near  the  brickwork 
(analysis  No.  8).  Grains  of  quartz  sand  and  ganister,  super- 
ficially converted  to  tridymite,  in  brown  glass  containing  fayalite 
crystals. 

These  and  similar  sections  show  that  the  hearth  in  use  con- 
sists of  a  mass  of  interlacing  crystals  of  tridymite,  the  interstices 
of  which  are  filled  with  slag.  For  a  small  distance  below  the 
surface  the  temperature  is  sufficiently  high  to  cause  the  formation 
of  cristobaUte  in  place  of  tridymite.  Numerous  analyses  showed 
that  the  proportion  of  slag  is  remarkably  constant  throughout 
the  whole  mass  down  to  the  limit  of  penetration,  which  usually 
Ues  in  the  upper  courses  of  the  brickwork.  The  silica  content 
throughout  is  generally  from  67  to  70  per  cent.  During  the 
working  of  a  charge,  the  average  temperature  of  the  hearth  will 
be  above  that  of  the  melting  point  of  the  interstitial  slag ;  this 
will  therefore  be  fluid  and  in  equilibrium  with  the  excess  sihca. 
The  amount  of  undissolved  silica  at  any  point  will  depend  upon 
the  temperature  and  the  quantity  of  slag  present.  The  upper 
surface  of  the  hearth  will  be  at  the  temperature  of  the  molten 
metal  while,  at  the  limit  of  slag  penetration,  the  temperature 
will  scarcely  exceed  1000°  C. ;  there  is  thus  a  wide  temperature 


Digitized  by 


Googk 


218     WHtT^LlBT  AMt>  HALLIlytOND  :    IfiB  AOlD  fiBARTa  AND  SLAG. 

variation  through  the  hearth,  and  the  proportion  of  undissolved 
silica  will  consequently  decrease  towards  the  upper  surface. 

Complete  fluxing  of  the  hearth  in  contact  with  the  molten 
metal  is  prevented  by  the  additions  of  quartz  sand  made  in 
"  fettling "  the  bottom  after  the  charge  has  been  tapped. 
Toward  the  end  of  the  process  the  temperature  of  the  upper 
layer  is  not  far  removed  from  the  melting  point  of  pure  silica, 
and  it  might  be  expected  that  the  large  amount  of  impurities 
present  in  the  hearth  (abodt  80  per  cent.)  would  lower  the 
melting  point  to  such  a  degree  as  would  bring  about  complete 
fusion.  The  depression  of  the  freezing  point  of  silica  by 
impurities  seems,  however,  to  be  exceptionally  snaall ;  the 
point  of  complete  fusion  of  a  mixture  containing  as  much  as 
50  per  cent,  of  ferrous  oxide  was  found  to  lie  at  about  1500°  C, 
and  the  freezing-point  curve  must  have  such  a  form  as  that 
shown  in  Fig.  2.  A  similar  behaviour  of  silica  has  been  recorded 
for  other  systems.^  There  can  be  no  doubt  that  this  property 
of  silica  plays  a  most  important  part  in  maintaining  the  stability 
of  the  acid  hearth. 

It  will  be  seen  from  the  analyses  (Table  II.)  that  the  slag 
present  in  the  hearth  resembles  generally  the  ordinary  acid  slag, 
such  as  No.  1,  Table  I.  The  ratio  of  iron  to  manganese  in  the 
hearth  is,  however,  distinctly  higher  than  that  in  the  slag ;  in 
accordance  with  this  ratio,  the  siUcate  found  in  the  sections  is 
invariably  fayalite  {cj.  Fig.  1).  A  certain  amount  of  metal  as  well 
as  slag  is  always  left  on  the  bottom  after  tapping ;  during  the 
subsequent  *'  fettling  "  of  the  hearth  this  metal  will  be  rapidly 
oxidised  by  the  flame,  and  the  iron  content  of  the  slag  will  be 
thereby  increased.  In  order  to  verify  this  conclusion,  some 
slag  was  removed  from  the  hearth  just  before  the  sand  additions 
were  made  and  after  the  banks  had  been  repaired.  The  iron  and 
manganese  contents  of  this  sample  and  of  the  finishing  slag  were 
then  ascertained,  the  quantities  found  being  as  follows : 

FeO.  MnO. 

Per  Ctent.  Per  Cent. 

Finiabing  slag 27*1  13*2 

Hearth  alag 36-2  4*6 

The  hearth  slag  has  clearly  been  enriched  with  iron  oxide,  and 

1  Amtrican  Journal  of  8eienc€,  4th  Series,  toL  xxxTii.  p.  487. 
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the  ratio  of  iron  oxide  to  manganese  oxide  in  this  residual  slag 
is  very  similar  to  that  fomid  in  the  hearth  itself. 

Changes  occurring  cm  **  Making  "  and  **  Fettling  "  the  Hearth. — 
Li  view  of  the  comparatively  low  silica  content  of  the  hearth  in 
actual  service,  it  is  somewhat  surprising  that  the  smelter  almost 
invariably  requires  a  very  high  degree  of  purity  in  the  sand  used. 
Even  in  the  case  of  a  sand  which  would  be  rejected,  owing  to  a 
low  sihca  content,  the  quantity  of  impurity  present  may  still 
be  quite  negligible  in  comparison  with  the  large  amount  of  slag 
subsequently  taken  up.  Evidently,  in  requiring  a  pure  sand, 
the  smelter  cannot  aim  simply  at  the  production  of  a  highly 
refractory  hearth,  and  the  degree  of  purity  necessary  in  the  sand 
employed  must  therefore  be  determined  by  other  factors. 

There  can  be  no  doubt  that  a  combination  of  properties  is 
essential  in  a  silica  sand  which  is  to  be  used  for  making  and 
**  fettling "  the  acid  hearth.  Among  the  physical  properties 
the  grain  size,  grading,  angularity,  and  angle  of  rest  must  all  be 
considered,  and  these  alone  form  a  combination  which  it  would 
be  almost  impossible  to  define  within  the  Umits  of  any  practical 
specification.^  Even  if  a  sand  is  satisfactory  in  these  respects 
it  may  still  be  rendered  unsuitable  by  its  chemical  composition. 
In  this  connection,  three  indirect  ways  in  which  small  amounts  of 
impurity  will  aflfect  the  quality  of  a  sand  may  here  be  mentioned. 

(1)  The  smelter  attaches  great  importance  to  the  ease  with 
which  a  sand  can  be  made  to  lie  at  a  steep  angle  on  the  banks.^ 
This  is,  of  course,  largely  a  physical  property,  but  the  presence 
of  small  amounts  of  impurity  on  the  surface  of  the  grains  will 
cause  fritting  and  so  assist  in  the  production  of  a  *'  hard  "  steep 
bank,  while  a  greater  proportion  of  impurity,  especially  in  the 
case  of  certain  fluxes,  such  as  the  alkalies,  will  rather  tend  to 
prevent  the  cohesion  of  the  grains  to  form  a  rigid  mass  and  so 
cause  the  sand  to  be  ''  soft."  In  this  respect  alumina  does  not 
seem  to  be  as  harmful  as  other  common  impurities. 

2.  The  rate  of  inversion  of  quartz  to  tridymite  is  greatly 
influenced  by  the  presence  of  impurities ;    the  change  -  causes 

1  See  p.  a.  H.  Boswell,  "Refractory  Sandii,"  1918,  p.  68. 

*  It  is  important  to  obaerye  that  the  temperature  of  the  sand  after  being  placed  upon  the 
banks  during  fettling  may  be  considerably  lower  than  has  sometimes  been  assumed ;  the  sas 
is  sometimes  off  for  seveial  minutes  before  fettling  is  completed,  and  the  cold  sand  probably 
does  not  reach  a  temperature  exceeding  1000**  C  before  iJl  movement  has  ceased. 


Digitized  by 


Googk 


220     WHITELfiY  AND  HALLIMOND  :    THE  AOID  HEABTB  AND  SLAG. 

the  grains  to  break  up  through  flawing  and  crystal  growth,  with 
the  consequent  admission  of  slag  and  softening  of  the  mass. 
Thus  it  may  be  said  that  in  general  the  slower  the  inversion 
the  better  will  be  the  refractory  properties  of  the  sand  (for  tem- 
peratures below  the  melting  point  of  quartz)  during  the  early 
part  of  the  heat.  Since  the  presence  of  small  amounts  of  impurity 
in  the  mass  of  the  grain  has  a  considerable  accelerating  action 
on  the  change,  it  is  clear  that  on  this  account,  whatever  the 
composition  of  the  external  layer,  the  interior  of  the  grain,  at 
any  rate,  should  have  a  very  high  degree  of  purity. 

8.  It  would  naturally  be  supposed  that  the  higher  the  silica 
content  of  the  hearth  the  more  satisfactory  would  be  its  service. 
Experience,  however,  indicates  that  it  would  be  impossible  to 
carry  out  the  process  continuously  upon  a  pure  siUca  hearth.  The 
softening  action  of  the  fluid  slag  content  is  of  the  greatest  value 
in  counteracting  the  tendency  of  the  hearth  to  crack  while  cooling 
between  .successive  heats.  Such  cracks  when  formed  are  quickly 
filled  with  molten  slag,  or  even  with  metal  from  the  bath,  and 
during  the  "  boil,"  as  the  temperature  of  the  hearth  increases, 
the  fluid  area  extends,  and  may  either  penetrate  the  bottom 
or  cause  a  portion  to  be  detached  and  so  give  rise  to  a 
^'  hole." 

After  the  furnace  has  been  tapped  a  certain  quantity  of  slag 
and  metal  is  always  left  on  the  bottom.  As  far  as  possible  this  is 
removed  by  the  smelter,  but  some  inevitably  remains,  especially 
in  the  grooves  and  holes  present.  An  important  function  of  the 
sand  which  is  added  in  '^  fettling  "  is  to  absorb  this  residual  slag, 
so  as  to  produce  a  uniform  layer  which  replaces  the  material 
removed  from  the  hearth  during  the  previous  heat.  If  the 
sand  employed  contains  any  considerable  amount  of  impurity, 
the  interstices  of  the  new  layer  will  become  filled  with  fused 
material,  which  will  render  the  whole  mass  non-porous  before  the 
underlying  viscous  slag  has  time  to  penetrate.  The  slag  thus 
confined  beneath  the  new  sand  becomes  a  source  of  weakness 
when  the  temperature  of  the  furnace  is  again  raised,  and  the 
whole  mass  of  sand  may  separate  from  the  hearth  and  float  up 
to  the  surface  of  the  bath. 

Where  a  hole  in  the  bottom  has  been  repaired  with  suitable 
sand,  the  silica  content  of  the  new  part  wUl  eventually  approxi' 
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mate  to  that  of  the  hearth  in  general,  owing  to  the  absorption 
of  slag.  During  the  subsequent  heat  the  quartz  of  the  sand 
undergoes  a  gradual  transformation  to  tridymite  (this  was  com- 
plete in  a  piece  which  came  up  two  hours  after  the  boil),  but 
the  shape  of  the  sand  grains  is  only  slowly  obliterated.  Each 
grain  becomes  surrounded  by  a  fringe  of  tridymite  (Photo.  17), 
and  these  fringes  grow  until  the  structure  has  changed  to  a  loosely 
felted  mass  of  tridymite  crystals  (Photo.  18),  the  spaces  between 
which  are  filled  with  fluid  slag.^  The  stability  of  the  hearth  will 
thus  depend  on  the  viscosity  of  the  interstitial  slag  and  on  the 
rigidity  of  the  tridymite  network.  This  structure  may  be  com- 
pared with  that  of  plaster  of  Paris  saturated  with  a  liquid  which 
fills  the  pores  between  the  needles  of  hydrated  calcium  sulphate  ; 
in  such  a  structure  a  relatively  small  proportion  of  solid  matter 
will  suffice  for  the  production- of  a  rigid  mass.^ 

A  striking  instance  of  the  failure  of  an  impure  sand  that 
was  used  for  repairing  a  hole  in  the  hearth  may  here  be  men- 
tioned. The  sand  contained  about  5  per  cent,  of  alumina  as 
kaolin,  and  traces  only  of  other  impurities.  The  whole  patch 
floated  up  during  the  "  boil,"  and  was  found  to  be  pure  white 
in  fracture  and  completely  free  from  included  slag.  Most  of  the 
silica  had  been  transformed  to  cristobalite,  but  in  places  the 
material  was  much  denser,  resembling  porcelain,  and  on  section- 
ing was  seen  to  consist  of  very  closely  packed  quartz  grains 
surrounded  with  glass  containing  sillimanite  (Al^SiO^)  needles. 
The  quartz  grains  were,  in  many  places,  regrown,  as  shown  in 
Photo.  22,  where  the  outlines  of  the  original  sand  grains  can 
clearly  be  seen  within  the  larger  crystals  that  have  grown  in 
continuity  with  them.  The  deposition  of  quartz  in  this  way  is 
remarkable ;  it  is  probably  due  to  the  retention  of  water  from 
the  kaolin,  owing  to  the  pressure  of  a  heavy  piece  of  metal  resting 
upon  the  patch. 

The  foregoing  considerations  make  it  clear  that  the  purity 
of  the  sand  used  for  the  acid  hearth  is  of  great  importance.  The 
need  for  a  sand  which  will  not  fuse  to  a  soUd  mass,  but  will  retain 

1  There  can  be  little  doubt  t  hat  the  presence  of  the  abnorbed  slag  in  the  new  sand  greatly 
iiftcilitates  the  formation  of  the  tridymite  ciystala. 

s  At  the  upper  surfiace  of  the  hearth,  where  cristobalite  is  present  instead  of  tridymite 
(Photo.  19),  the  structure  is  probably  rirtually  fluid,  but  this  thin  layer  is  doubtless  retained 
in  position  by  its  yiscoeity.  In  this  connection,  it  is  interesting  to  note  that  the  silica  con- 
tent  of  the  roof-drip  was  found  to  be  ybtj  little  lower  than  that  of  the  hearth. 
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its  porosity  at  the  temperature  of  the  furnace,  demands  material 
of  higher  purity  than  would  be  required  if  it  were  merely  necessary 
to  provide  a  refractory  lining,  and  for  these  reasons  alone  the 
silica  content  must  be  considerably  higher  even  than  that  required 
in  a  silica  brick  directly  exposed  to  the  flame  in  the  walls  or 
roof  of  the  furnace. 

Presence  of  Ferric  Oxide  in  the  Hearth, — The  proportion  of 
ferric  oxide  in  the  hearth  analyses  is  lower  than  the  average 
amount  present  in  the  finishing  slags.  This  is  the  case  in  spite 
of  the  fact  that  air  and  gas  play  upon  the  hearth  after  tapping 
and  cause  the  formation  of  much  ferric  oxide  at  the  surface,  as 
shown  by  analysis  No.  1  in  Table  II.  It  is  clear,  therefore,  that 
a  reduction  of  ferric  oxide  must  occur  during  the  subsequent 
heat,  otherwise  the  percentage  in  the  lower  part  of  the  hearth 
should  be  much  greater.  Among  the  causes  contributing  to  this 
reduction  may  be  mentioned — (1)  The  penetration  of  carbon 
monoxide,  wluch  probably  diffuses  fairly  readily  in  the  silicates 
at  the  hearth  temperatures.  (2)  The  penetration  of  metal  into 
the  hearth,  (3)  The  decomposition  of  ferric  oxide  by  siUca  at 
high  temperatures ;  this  will  be  further  discussed  in  Part  III. 

The  presence  of  ferric  oxide  in  the  hearth  has  a  certain 
practical  interest,  for  it  is  commonly  remarked  by  the  smelter 
that  the  bottom'  **  works  "  the  metal ;  this  effect  is  very  probably 
due  to  the  ferric  oxide  formed  in  the  surface  layer  after  tapping. 

The  study  of  the  acid  hearth  raises  many  questions  to  which 
no  definite  answers  can  yet  be  given.  The  actions  of  chromium 
and  manganese  slags,  for  example,  require  examination,  for 
while  the  former  tend  to  preserve  the  hearth  the  latter  often 
cause  a  rapid  corrosion  of  the  surface.^  Mangaiiiferous  metal 
has  at  times  a  similar  effect  to  that  of  the  slag,  but  here  it  is 
necessary  to  take  into  account  the  reducing  action  of  manganese 
on  silica ;  ^  the  replacement  of  silica  by  manganese  oxide  has  a 
double  effect  in  diminishing  the  acidity  of  the  surface  layer  of  the 
hearth  and  a  small  loss  of  silica  in  this  layer  will  suffice  to  render 
it  dangerously  fluid. 

^  A.  Mc William  and  W.  H.  Hatfield,  Journal  of  the  Iron  and  SUd  InatittOe,  1904,  No.  II 
p.  216. 

s  J.  E.  Stead,  Proceedings  of  the  Cleveland  InsiUution  of  Engineers,  1013-14,  p.  195. 
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PART  in. 

The  Molten  Slag. 

The  durability  of  the  acid  hearth  is  partly  dependent  on  the 
composition  of  the  molten  slag  -with  which  the  banks  are  in 
contact  during  the  process.  In  the  course  of  work  on  this  subject 
numerous  analyses  of  the  slag  at  various  stages  were  obtained, 
and  the  following  pages  contain  a  discussion,  based  on  these 
experiments,  of  some  of  the  reactions  occurring  in  the  Uquid 
slag.  The  manner  in  which  the  composition  of  the  slag  is 
regulated  by  the  fumaceman  is  first  indicated,  and  an  account 
is  then  given  of  observations  on  the  part  played  by  the  slag  in 
the  oxidation  of  the  metalloids.  Gas-oxidation  is  an  important 
feature  in  the  process,  and  was  found  to  be  closely  connected 
with  the  action  of  ferric  oxide  as  a  carrier  of  oxygen  from  the 
gas  to  the  metal. 

1.  Begvlation  of  the  Acidity  of  (he  Slag. — In  judging  the 
condition  of  the  slag  in  the  acid  process  the  smelter  is  chiefly 
guided  by  its  viscosity  and  activity.  A  slag  high  in  silica  will 
be  thick  and  inactive,  while  a  slag  which  is  too  basic  will  be  thin 
and  dangerous  to  the  banks,  owing  to  the  readiness  with  which 
it  will  dissolve  silica.  Up  to  and  during  the  **  boil  "  the  elimination 
of  the  metalloids  is  accompanied  by  the  removal  of  iron  oxide 
from  the  slag,  so  that  if  the  reaction  is  allowed  to  proceed  for  a 
time  without  further  ore  additions  the  slag  gradually  thickens, 
owing  to  its  increasing  siHca  content.  The  correct  viscosity  has 
therefore  to  be  maintained  by  frequent  additions  of  iron  oxide. 
At  first,  on  account  of  the  rapid  thickening  action  of  the  metal, 
large  additions  may  safely  be  made  without  damage  to  the 
banks,  but  as  the  metal  begins  to  drop  off  the  **  boil  "  this  thicken- 
ing action  becomes  slower,  and  the  furnace  must  then  be  fed 
with  smaller  or  less  frequent  additions  of  ore.  An  excess  of 
iron  oxide  in  the  slag  at  this  stage  is  not  rapidly  removed,  and 
if  too  thin  a  slag  is  obtained  after  the  metal  has  dropped  off  the 
"  boil "  serious  damage  to  the  banks  may  result,  especially  if 
the  temperature  is  high. 

2.  The  Use  of  Lime. — ^Like  iron  oxide,  lime  thins  the  slag,  its 
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effect  being  about  equal  to  that  of  an  equivalent  weight  of  ferrous 
oxide.  If  a  limey  finishing  slag  is  too  thin  it  will  attack  the  banks 
much  as  does  an  iron  slag  of  similar  viscosity.  When  using  lime, 
therefore,  the  smelter  must  still  be  guided  by  the  viscosity  of  the 
slag,  although  perhaps  somewhat  more  latitude  in  this  respect 
is  allowable.  In  general,  it  seems  to  be  the  practice  to  work  to 
approximately  the  same  degree  of  viscosity  whether  lime  is  present 
or  not ;  and  since,  at  a  given  temperature,  the  viscosity  is  deter- 
mined chiefly  by  the  silica  content,  it  follows  that  the  sum  of  the 
basic  oxides  present  in  similar  slags  of  varying  composition  must 
be  about  constant.  Seeing  that  lime  is  not  removed  from  the 
slag  during  the  process,  as  is  the  case  with  iron  oxide,  its  use 
must  be  accompanied  by  a  lowering  of  the  iron  content ;  the 
quantity  of  lime  present  in  the  finishing  slag  will  be  the  sum  of 
the  amounts  added,  and,  as  the  total  bases  remain  the  same, 
the  quantity  of  iron  oxide  present  will  be  correspondingly  de- 
creased, provided,  of  course,  that  sufficient  carbon  is  present  to 
remove  it.  Lime  additions  may  thus  be  said  to  lower  "  auto- 
matically "  the  iron  content  of  a  slag  by  a  process  which  is  quite 
unconnected  with  any  chemical  equilibrium  between  these  bases 
and  siUca. 

3.  The  Bemoval  of  Carbon  by  Gas-Oxidation. — As  is  well 
known,  the  three  principal  elements  to  be  removed  from  the 
charge  by  oxidation  in  the  acid  process  are  silicon,  manganese, 
and  carbon.  Two  sources  alone  are  available  from  which  the 
necessary  oxygen  can  be  obtained  ;  they  are  first,  the  ores  added 
in  **  working ''  the  charge,  and  second,  the  oxygen  content  of  the 
gas  which  plays  continually  upon  the  surface  of  the  bath,  for 
it  has  already  been  shown  that  the  hearth  itself  contains  very 
little  available  oxygen.  By  oxidation  with  ore  the  yield  is 
ncreased  ;  with  gas-oxidation  it  is  diminished. 

The  amount  of  oxygen  obtained  from  the  two  sources,  either 
throughout  or  during  any  period  of  the  process,  can  be  ascer- 
tained with  a  fair  degree  of  accuracy  from  the  analysis  of  slag 
and  metal  samples  taken  before  and  after  the  addition  of  a 
measured  amount  of  ore.  From  such  data  it  is  easy  to  calculate 
the  weight  of  the  metalloids  removed  and  to  compare  the  amount 
of  ore  used  with  that  theoretically  required  in  the  absence  of  gas- 
oxidation.    A  table  of  the  "  percentage  of  gas-oxidation  "  with 
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different  charges  has  been  given  by  Matthewman  and  Campion,^ 
but  without  the  data  on  which  it  is  based.  The  following  ex- 
amples will  serve  to  indicate  the  extent  to  which  gas-oxidation 
has  occurred  in  two  charges — (a)  Worked  in  the  usual  way  with- 
out any  lime  additions  ;   {b)  with  Ume  additions. 

(a)  The  charge  (100  tons)  contained,  when  melted  and  just 
before  the  first  feed  of  ore  was  given  : 

Fbr  Cent 

Silicon 1-10 

Maoffaneoe 0*60 

Combined  carbon 2*20 

On  tapping,  the  carbon  in  the  bath  had  been  reduced  to  0-10  per 
cent.  This  charge  was  worked  with  an  ore  consisting  of  nearly 
pure  ferric  oxide.  The  oxidation  of  the  silicon  produced  2*35 
tons  of  silica,  and  since  the  average  analysis  of  the  slag  through- 
out the  process  showed  silica  50  per  cent,  and  iron  25  per  cent., 
the  oxidised  silicon  would  require  1*7  ton  of  ferric  oxide  in  form- 
ing the  additional  slag  ;  by  this  reaction  0*17  ton  of  oxygen  was 
liberated,  for  practically  all  the  iron  of  the  acid  slag  is  in  the  form 
of  ferrous  oxide. 

The  total  oxygen  required  for  the  removal  of  the  metalloids 
was  silicon,  1-25  ton;  manganese,  0-14  ton;  carbon,  2*80  tons ; 
making  a  total  of  4-19  tons  ;  of  this  oxygen  0-17  ton  was  supplied 
by  the  ore  (1  -7  ton)  in  forming  slag,  and  the  residue  4*02  tons, 
in  the  absence  of  gas-oxidation,  would  have  to  be  supplied  by  the 
reduction  of  13  tons  of  ore,  so  that  in  all  14-7  tons  of  ore  would 
have  been  consumed.  The  actual  quantity  of  ore  used  was 
only  9*0  tons,^  and  therefore  the  additional  oxygen  required  for 
the  completion  of  the  reactions  must  have  been  derived  from 
the  gases. 

The  removal  of  silicon  and  manganese  took  place  rapidly  as 
the  metal  was  brought  to  the  "  boil,"  during  which  time  a 
large  part  of  the  ore  used  was  added.  The  gas-oxidation,  which 
operates  throughout  the  process,  must  thus  be  chiefly  concerned 
in  the  much  slower  removal  of  the  carbon,  and  it  may  be  said 

1  Journal  of  the  West  of  Scotland  Iron  and  Sted  InsHtute,  vol.  xz.  p.  138. 

*  The  weight  given  is  the  available  Fe,Ot  content  of  the  ore  uaed ;  slight  oorreotionB 
necessary,  owing  to  the  presence  of  a  little  silica  in  the  ore.  have  been  omitted.  It  is  assumed 
that  the  carbon,  silicon,  and  manganese  were  respectively  oxidised  to  CO.  SiOt»  and  MnO» 
and  that  no  silica  was  absorbed  from  the  bottom  and  banks  after  melting.  If  the  last 
action  ooourred  to  any  extent  more  ore  would  be  used  in'forming  slag,  thus  leaving  even  less 
oxygen  available  for  the  removal  of  the  metaUdds. 

1919— i  Q 
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that  about  5-7  tons  of  the  ore  (the  amount  required  by  theory) 
were  used  to  remove  the  silicon  and  manganese  and  to  make  slag 
and  the  remaining  8*8  tons  to  remove  the  carbon.  If  the  whole 
of  the  carbon  had  been  oxidised  by  means  of  the  ore  9*3  tons 
would  have  been  consumed  instead  of  8*8  tons,  and  it  is  dear, 
therefore,  that  approximately  two-thirds  of  the  carbon  was 
eliminated  by  gas-oxidation  and  only  onchthird  by  ore  additions. 
{b)  Samples  of  slag  and  metal  were  taken  from  a  furnace 
when  the  carbon  was  about  0-80  per  cent.  The  charge  was  then 
worked  almost  entirely  with  lime  (CaO) ;  as  the  slag  thickened 
after  each  addition,  more  lime  was  added,  until  the  carbon  had 
fallen  to  0*12  per  cent.  Towards  the  finish  the  slag  became 
very  inactive,  and  about  2  cwts.  of  ore  were  therefore  used. 
The  analyses  of  slag  and  metal  samples  were  as  follows  : 


Pdp  Cent. 

Per  Gent 

PbpOent 

P&rCJent. 

0-80 

0-50 

0-20 

012 

35-50 

300 

21-20 

21-90 

010 

010 

0-16 

0-30 

20 

••. 

••• 

13-8 

Garbon  in  metal  .... 
Ferrous  oxide  in  slog    . 
F^rrio  oxide         .... 
Lime  •        •        •*  •        • 

Weight  of  chaige,  70  tona ;  slag,  10  tons. 

It  will  be  seen  that  during  this  period  0*48  ton  of  carbon  was 
eliminated  ;  this  amount  would  require  at  least  0*64  ton  of  oxygen, 
of  which  0*08  ton  was  obtained  from  the  ore  added,  and  0*8  ton 
from  the  reduction  of  the  FeO  in  the  slag.  The  remainder, 
0*81  ton,  must  have  been  derived  from  the  gases,  so  that,  in  this 
instance,  about  50  per  cent,  of  the  carbon  was  removed  by  gas** 
oxidation.^ 

The  amounts  of  gas-oxidation  found  in  the  above  examples 
are  similar  to  those  given  by  Matthewman  and  Campion.  The 
exact  amount  occurring  in  any  particular  instance  will  depend^ 
however,  upon  a  number  of  factors,  among  which  must  be  in- 
cluded temperature,  character  of  slag,  quality  of  ore  used,  relative 
quantities  of  gas  and  air  employed,  and  the  speed  of  working. 

4.  Physical  Conditions  which  Obtain  during  the  Process, — 
Before  the  chemical  reactions  involved  in  gas-oxidation  can  be 
considered,  it  is  necessary  to  examine  the  physical  conditions 
under  which  the  process  is  carried  out.  As  soon  as  the  charge 
is  melted  the  metal  becomes  covered  with  a  layer  of  slag,  and 

1  So  far  as  an  appreciable  amount  of  oxygen  was  present  in  the  metal  as  FeO  when  lime 
was  first  added,  and  was  removed  during  the  period  ooosidered,  a  small  redaction  in  thit 
quantity  will  be  neoessaiy. 
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from  this  stage  onwards  the  slag,  especially  during  the  boO,  is 
continually  traversed  by  bubbles  of  CO  gas  evolved  from  the 
metal  below.  These  will  saturate  the  slag  with  CO,  and  will 
effectually  prevent  the  penetration  of  the  furnace  gases,  which 
might  otherwise  reach  the  lower  layers  by  diffusion  or  convection 
and  react  directly  with  the  metal. 

Throughout  the  process  the  slag  is  constantly  in  contact 
with  both  the  metal  and  the  gas,  and  under  given  conditions 
its  degree  of  oxidation  at  any  time  will  depend  on  the  relation 
between  the  reducing  action  of  the  metal  and  the  oxidising  action 
of  the  gases. 

Beside  the  slag-metal  and  slag-gas  reactions  there  is  also 
that  which  occurs  between  the  metal  and  the  gas ;  evidence  will 
be  given  later  showing  that  a  considerable  amount  of  gas-oxida- 
tion during  the  **  boil  "  takes  place  by  direct  action  of  the  gases 
on  the  numerous  globules  of  metal  which  are  continually  being 
thrown  up  to  the  surface  of  the  slag. 

5.  Reaction  between  Metal  and  Slag. — The  oxidation  of  the 
metal  by  the  slag  may  be  regarded  as  purely  a  surface  reaction, 
the  only  exception  to  be  considered  being  the  possibility  that  FeO 
passes  into  the  metal  from  the  slag  and  is  there  reduced  by  the 
carbon.  The  reacting  surface,  and  consequently  the  speed  of 
oxidation,  is  subject  to  wide  variations  at  different  stages  of  the 
process,  owing  to  the  suspension  of  fine  globules  of  metal  in  the 
slag  through  the  ebullition  of  gas  from  the  bath.  The  percentage 
of  this  suspended  metal  in  spoon  samples  of  slag  taken  at  various 
periods  was  determined  by  removing  the  globules  from  the  crushed 
sample  with  a  magnet ;  the  following  results  are  representative 
of  several  series  obtained  in  this  way : 


Ptoriod. 

Suspended  MetaL 
Ptor  Cent  by  Weight. 

Melting  (very  laree  globules)    .... 
Before  boa  (szaall  peUets)         .... 

Boiling 

Off  the  boil,  c.o.  0-20  per  cent. 

Tapping,  c.c.  0-15  per  cent.      .... 

12-0 
0-6 
6-0 
01 
01 

These  figures  show  that  as  soon  as  the  carbon  reaction  begins 
the  number  of  metal  globules  in  the  slag  very  greatly  increases, 
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and  there  can  be  no  doubt  their  presence  is  due  to  the  agitation 
caused  by  the  evolution  of  CO.  When  it  is  considered  that  in, 
say,  a  100- ton  charge  no  less  than  half  a  ton  of  metal  is  in  sus- 
pension in  the  slag  during  the  boil  and  is  constantly  being  renewed, 
it  is  not  surprising  that  the  speed  of  removal  of  carbon  during 
the  boil  is  considerably  greater  than  that  which  can  be  obtained 
in  the  finishing  stages. 

The  following  analyses  of  slag  globules  and  metal  samples 
taken  simultaneously  will  suffice  to  indicate  the  extent  to  which 
the  globules  lose  their  carbon  content  during  their  short  stay  in 
the  slag : 


Carbon  in  Metal. 

Carbon  in  Globules. 

Percent. 
2-11 
1-99 
1-36 
0-80 
0-56 

Per  Cent 
1-76 
1-72 
1-26 
0-76 
0-66 

6.  Beaction  between  SIclq  and  Gas, — Like  the  preceding  the 
oxidation  of  the  slag  by  the  gas  is  a  surface  reaction,  but  in  this 
case  the  action  is  very  probably  aided  by  the  physical  solubiUty 
of  the  gases  in  the  uppermost  layers  of  slag.  The  rate  of  oxida- 
tion will  depend  on  the  area  of  the  bath,  on  the  temperature, 
on  the  composition  of  the  oxidising  gases  which  play  upon  the 
slag,  on  the  amount  of  PeO  in  the  slag,  and  on  the  slag  viscosity. 

It  may  be  remarked  here  that  this  last  factor  in  particular 
affects  not  only  the  reaction  between  the  gas  and  slag,  but  also 
that  between  the  slag  and  metal,  and  limits  the  convection 
currents,  which  no  doubt  play  a  great  part  in  the  transference  of 
iron  oxide  (Fa203)  to  the  metal.  For  these  reasons  the  viscosity 
of  the  slag  has  a  most  important  influence  upon  the  rate  of  gas- 
oxidation. 

7.  The  Function  of  Ferric  Oxide  in  Gas-Oxidation — Beactions 
between  Ferric  Oxide  and  Silica. — The  oxidation  of  the  slag  is 
largely  conditioned  by  the  very  important  fact  that  at  high 
temperatures  FegOa,  either,  free  or  when  dissolved  in  a  silicate 
melt,  undergoes  dissociation  with  the  formation  of  FeO,  oxygen 
being   liberated.    Pure    FejOs    dissociates    under    atmospheric 
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pressure  at  about  1350°  C,  and  the  new  compound  formed  is 
stated  to  be  magnetic.^  In  an  experiment  described  below  where 
a  scale  containing  28  per  cent,  of  FeiO,  was  heated  well  above 
its  melting  point  in  the  gases  of  an  oxygen  furnace,  the  melt 
was  found  to  contain  17  per  cent.  Fe203.  It  may  therefore  be 
concluded  that  the  melts  derived  from  Fe^Os  ^orm  a  series  with 
varying  contents  of  this  substance,  the  proportions  obtained 
depending  on  the  temperature  and  on  the  oxidising  power  of 
the  gases. 

When  silica  is  also  present  in  the  melt,  the  equilibrium  between 
the  two  oxides  of  iron  under  a  given  gas  will  in  general  be  altered 
to  an  extent  dependent  on  the  silica  content.  The  existence 
of  such  a  relationship  has  recently  been  indicated  by  McCance  ^ 
as  the  result  of  the  examination  of  mill  cinders.  If  a  comparable 
series  is  to  be  obtained  by  this  means  it  is  necessary  that  aU  the 
samples  should  be  taken  from  furnaces  working  under  the  same 
conditions  as  regards  gas  and  temperature.  The  following 
series  taken  from  mill  soaking  pits  where  the  conditions  were 
very  fairly  constant  affords  a  good  illustration  of  the  influence 
of  silica  on  the  equilibrium  between  ferrous  and  ferric  oxides : 


SiO.. 

FeO. 

Fe.0.. 

1 

2 
3 

4 

Per  Cent. 

7-8 

22-6 

320 

34-8 

Per  Cent. 
631 
66-8 
67-8 
671 

Per  Cent. 
26-6 
16-7 

71 

60 

In  order  to  obtain  further  evidence  on  this  question,  series 
of  experiments  were  made  in  which  samples  of  mill  scale  con- 
taming  about  25  per  cent,  of  Fe^Oj  were  mixed  with  varying 
amounts  of  siUca  and  heated  in  an  oxygen  furnace.  Melts  of 
about  25  grammes  and  about  |  inch  deep  were  made  in  uncovered 
platinum  crucibles,  and  so  were  exposed  to  the  burnt  gases. 
Li  both  series  the  pressures  of  oxygen  and  gas  used  were  kept 
constant  throughout,  and  the  furnace  was  allowed  to  become 
thoroughly  hot  before  the  first  sample  was  put  in.  The  order  in 
which  the  mixtures  were  melted  was  varied  in  order  to  guard 


1  J.  Walden,  Anuriean  Okemical  Sodeiy,  1906,  vol.  xxx.  p.  1360. 
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against  any  errors  which  might  arise  owing  to  a  gradual  in- 
crease in  the  fomace  temperature  during  the  experiments.  Each 
melt  when  withdrawn  from  the  furnace  was  rapidly  cooled  under 
water  so  as  to  avoid,  as  far  as  possible,  oxidation  by  the  air  while 
cooling.  In  both  series  the  period  of  heating  given  was  ten 
minutes  after  complete  fusion  had  occurred ;  experiments  made 
both  with  shorter  and  longer  periods  indicated  that  this  time 
was  approximately  sufficient  for  the  establishment  of  equihbrium 
with  the  gases.  In  the  first  series  the  temperature  was  about 
1400''  C,  and  the  following  results  were  obtained : 


SiO,. 

FeO. 

Fe,0.. 

FeO/Fe,Or 

Per  Gent. 

PteOent 

P&rOent 

1 

••• 

864 

13-5 

6-3 

2 

15-0 

77-0 

7-6 

10-3 

3 

26-0 

66-8 

6-9 

9-7 

4 

36-0  j 

604 

31 

19-5 

The  second  series  was  made  at  a  somewhat  higher  temperature, 
more  oxygen  and  gas  being  used.    The  results  are  given  below : 


SiO^ 

PeO. 

Fe.0.. 

FeO/Fe,Os. 

Per  Oenfc 

Percent. 

Percent. 

1 

««• 

80-7 

17-6 

46 

2 

16-0 

69-8 

13*4 

6-2 

3 

26-0 

62-6 

10-8 

6-8 

4 

30-0 

68-9 

4-8 

12-3 

The  results  of  the  above  series  are  plotted  below  in  a  triangular 
diagram  (Fig.  3),  in  which  the  three  variables  are  FeO,  FejOj,  and 
SiO).  The  three  lines  so  obtained  converge  toward  a  point  on 
the  SiOa-FeO  line  at  about  57  per  cent.  FeO.  The  experimental 
data  show  that  after  a  certain  point  the  addition  of  siUca  exer- 
cises a  very  strongly  marked  action  in  reducing  the  amount  of 
Fe^Oj  present.  Further  work  on  this  interesting  and  important 
system  is  greatly  needed. 

The  shape  of  these  curves  is  not  consistent  with  the  assumption 
that  the  silica  acts  simply  as  a  diluent,  and  the  explanation  of 
the  rapid  diminution  of  the  Fe^O^  must  be  sought  in  the  con- 
stitution of  the  melted  silicates.  In  the  view  of  Vogt,  "  The 
silicate  melts  are  crystalloid   reciprocal  solutions  of  stoichio- 
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metrio  compounds ;  namelyi  of  those  compounds  which  crys- 
tallise out  upon  sufficient  cooling."  This  expression  must  be 
taken  to  include  also  molecules  which  do  not  happen  to  crystallise 
out  on  freezing,  but  which  might  do  so  if  present  in  sufficient 
amount ;  thus  it  cannot  be  presqmed  that  the  rhodonite  molecule 
is  absent  from  the  melts  on  the  left  side  of  Fig.  1,  although  solid 
rhodonite  does  not  separate  until  manganese  is  present  in  larger 
proportion.  Beactions  such  as  that  under  coasideration  offer 
an  independent  means  of  investigating  the  chemical  constitution 


Fio.  3.— Compoflitioii  of  Melts  ocmtalniiig  SiO.,  FeO,  and  FOgOa  in  contact  with 
nimaoe  guee  onder  Yazying  oonoitiona  (three  Beries). 

of  melts  containing  FeO.  The  shape  of  the  curves  given  in 
Fig.  8  would  seem  to  indicate  tliat  FeO  forms  a  stable  silicate 
molecule  which  is  oxidised '  with  more  difficulty  than  the  free 
oxide.  It  will  be  shown  later  (p.  286)  that  ferrous  silicate  melts 
are  also  difficult  to  reduce. 

In  the  investigation  of  the  reactions  between  slags  and  gases 
it  will  be  necessary  to  consider  the  solubility  of  the  gases  in  the 
melts.    Analyses  made  at  the  instance  of  Sir  I.  Lowthian  Bell  ^ 

i  "  The  ICanofaotoie  of  Iron  and  Steel,**  1S84« 
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showed  that  the  gases  evolved  from  blast-furnace  slags  in  cool- 
ing have  a  composition  generally  resembling  that  of  the  furnace 
gases.  The  presence  of  dissolved  gases  in  ordinary  acid  slags  is 
proved  by  the  porosity  which  they  occasion  in  the  centre  of  the 
slag-ball.  In  the  experimental  melts  just  described  the  presence 
of  dissolved  gases  was  clearly  shown,  especially  in  those  melts 
which  contained  15  and  25  per  cent,  of  silica  ;  after  the  surface 
layer  had  crystallised,  the  evolution  of  gas  from  the  interior 
caused  the  expulsion  of  some  underlying  molten  slag  which 
flowed  over  the  surface.  It  would  seem  that  the  gas  solubility 
may  vary  according  to  the  acidity  and  perhaps  the  nature  of  the 
bases  present. 

8.  The  Ferric  Oxide  Content  of  the  Slag  during  the  Process. — The 
experimental  evidence  just  given  clearly  shows  that  the  maximum 
amount  of  ferric  oxide  which  can  be  present  in  an  acid  slag  at 
any  period  will  depend  upon  the  temperature,  composition  of 
the  slag,  and  oxidising  character  of  the  gases  passing  through 
the  furnace.  The  equilibrium  composition  of  such  a  melt  in 
contact  with  an  oxidising  atmosphere  is  reached  by  a  fairly  rapid 
reaction,  and  in  all  probability  the  amount  of  ferric  oxide  in 
the  ordinary  slag  under  working  conditions  can  never  exceed 
4-0  per  cent.  This  limiting  quantity  will  only  be  attained  in  the 
absence  of  reduction  by  metal  or  gas.  The  analysis  of  acid  slags 
taken  at  various  stages  of  the  **  boil "  invariably  shows  that  the 
content  of  FejO,  is  much  lower  than  the  above  figure, — ^in  fact, 
it  seldom  exceeds  0-4  per  cent. ;  the  accumulation  of  this  compound 
in  the  slag  during  this  period  must  inevitably  be  prevented 
by  the  reducing  action  of  the  metalUc  globules  and  possibly  by 
the  prasence  of  CO.  It  might  be  supposed  that  the  Fe,Os 
content  of  the  slag  would  be  raised  for  a  time  by  the  addition 
of  a  large  quantity  of  Fe^O,  (as  ore)  to  the  bath.  This  was  not 
found  to  be  the  case  ;  the  quantities  of  the  two  oxides  of  iron  in 
samples  of  slag  taken  immediately  before  and  after  the  addition 
of  10  cwt.  of  purple-ore  bricks  are  given  below : 

Per  Cent.        Per  Gent. 

Before  ore  addition FeO  26-7       Fe,0|  0-30 

After     , PeO  33'7       Fo,Oi  0-30 

On  the  amount  of  slag  present  the  maximum  increase  of  FcjO^ 
should  have  been  8*5  per  cent.,  but  this  has  here  appeared  as  FeO. 
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In  the  above  instance  the  furnace  had  settled  on  the  "  boil,'*  the 
carbon  being  about  1-50  per  cent.  When  a  similar  addition  is 
made  at  an  earlier  stage  it  frequently  causes  no  increase  of  iron, 
either  ferrous  or  ferric,  in  the  slag.  The  condition  of  the  bath 
before  boiling  is  such  that  probably  no  definite  line  of  separation 
exists  between  metal  and  slag  ;  the  rapid  reduction  of  ore  at  this 
stage  is  no  doubt  due  to  the  powerful  action  of  the  silicon  which 
is  being  removed  from  the  metal. 

Experiments  such  as  the  above  clearly  show  that  Fe^Os  is 
very  rapidly  destroyed  in  the  slag  by  the  reducing  actions.  At 
the  temperature  of  the  furnace,  even  in  the  absence  of  reducing 
agents,  any  excess  of  FejOg  added  as  ore  must  be  rapidly  decom- 
posed by  means  of  the  reaction  with  silica,  described  in  the  pre- 
ceding section  ;  this  decomposition  could,  however,  only  proceed 
as  far  as  the  equilibrium  content,  which  appears  to  be  about 
4-0  per  cent.  The  fact  that  the  actual  amount  retained  is  far 
below  this  must  be  regarded  as  conclusive  proof  that  Fe^O^  in 
the  acid  slag  is  extremely  active  as  an  oxidising  agent.  The 
rapidity  with  which  Fe,0^  is  destroyed  makes  it  seem  possible 
that,  during  a  heavy  feed  of  ore,  an  appreciable  quantity  of  free 
oxygen  may  be  liberated. 

The  amount  of  Pe,Os  in  the  slag  is  constantly  being  raised 
by  the  absorption  of  oxygen  at  the  upper  surface,  owing  to  the 
tendency  of  the  slag  to  reach  equilibrium  with  the  gas.  Through 
the  circulation  of  the  slag  and  the  movement  of  the  metallic 
globules  contained  in  it,  the  newly  formed  PejOj  is  continually 
being  brought  into  contact  with  the  metal,  by  which  it  is  quickly 
destroyed.  Thus  the  Fe,Os,  although  present  in  such  small 
amount,  must  play  an  important  part  in  the  gas-oxidation. 

Direct  evidence  of  the  constant  formation  of  FcjOj  can  be 
obtained  in  the  finishing  period  when  the  carbon  has  dinmiished 
to  below  OBO  per  cent.  At  this  stage  the  volume  of  CO  passing 
through  the  slag  is  greatly  lessened,  and  the  metallic  globules  are 
no  longer  held  in  suspension  in  any  quantity.  As  a  consequence 
the  FejOj  is  not  reduced  as  rapidly  as  it  is  formed  and  the 
amount  present  begins  slowly  to  increase,  more  especially  in 
slags  not  containing  lime,  and  this  causes  the  colour  of  the 
quickly  cooled  slag  to  become  gradually  darker.  The  following 
example,  showing  the  increase  in  Fe^Oj  in  a  series  of  samples 
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taken  during  a  period  of  about  one  hour,  ^will  serve  to  illustrate 
this  effect : 


Ckrbon  in  metal 
FeiOs  in  slag. 


Per  Cent  Ter  Cent  Ver  Cent   Per  Cent 
0-28  0-24  0-20  014 

0-20  0-28  0-80  1*71 


The  highest  amount  yet  found  in  a  finishing  slag  was  about  8-0 
per  cent.  This  increase  can  obviously  be  attributed  to  the 
diminution  of  the  carbon  content  of  the  bath  and  consequent 
slackening  of  the  reducing  actions.  The  darkening  in  colour  of 
the  quickly  cooled  slag  sample  caused  by  the  rise  in  Fe^Oj  affords 
the  smelter  a  very  useful  indication  of  the  condition  of  the  bath 
as  regards  its  carbon  content. 

9.  Beadions  between  Metal  and  Slag. — The  number  of  possible 
reactions  by  which  the  carbon  of  the  metal  may  be  removed 
by  the  slag  is  considerable.  Those  in  which  COj  is  a  product 
in  all  probability  play  a  very  subordinate  part,  however,  and 
for  the  present  purpose  it  will  be  sufficient  to  consider  only  the 
three  reactions  in  which  CO  is  produced.  These  are  given  below, 
together  with  a  fourth  reaction,  in  which  metallic  iron  is  oxidised 
by  its  higher  oxide : 

(1)  FeO    +  C    -  CO  +  Fe. 

(2)  Fe,0,  +  3C  -  3C0  +  2Fe. 

(3)  Fb,0.  +  C    -  CO  +  2FeO. 

(4)  FegOa  +  Fe  -  3FeO. 

The  complete  determination  of  the  relative  velocities  of  these 
reactions  in  the  furnace  is  not  yet  possible,  but  certain  general 
conclusions  may  be  drawn  from  the  changes  in  the  slag  analyses 
at  the  finishing  stages.  The  above  reactions  differ  in  their  effect 
on  the  total  iron  content  of  the  slag ;  No.  8  causes  practically 
no  change ;  Nos.  1  and  2  lower  the  iron,  while  No.  4  is  the  only 
reaction  possible  by  which  the  percentage  of  iron  can  be  increased. 
In  the  later  stages  of  the  process,  when  the  carbon  has  fallen 
below  0-15  per  cent.,  the  iron  content  of  the  slag,  after  being 
stationary  for  a  time,  may  actually  rise,  as  shown  below,  with- 
out any  further  ore  addition  being  made  : 


-      Time. 

10.45. 

11.0. 

11.20. 

11.40  A.M. 

Carbon  in  bath 

Iron  in  slag 

Ferrona  oxide  in  slag     .... 
Ferrio  ojdde  in  alag        .... 

Percent 
014 
26-3 
32-5 
1-45 

Per  Cent 
012 
26-3 
32-3 
1-7 

Percent 
010 
27-0 
32-8 
21 

Per  Cent 
0-08 
27-6 
33-2 
2-67 
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This  increase  must  be  due  to  the  predominance  of  reaction  (4) 
over  reactions  (1)  and  (2),  while  the  constancy  attained  previously 
was  due  to  a  balance,  the  total  rates  of  (1)  and  (2)  at  this  period 
being  closely  equal  to  that  of  (4).  There  can  be  Uttle  doubt 
that  during  the  '*  boil  "  reaction  (4)  between  the  molten  iron  and 
the  ferric  oxide  still  occurs,  but  is  masked  by  the  greater  speed 
of  the  carbon  reactions  (1)  and  (2),  the  net  result  being  a 
diminution  of  the  FeO  in  the  slag.  It  should  be  remarked 
here  that  the  variation  in  the  area  of  reacting  surface,  due  to  the 
presence  or  absence  of  metallic  globules  in  the  slag,  will  affect 
all  the  reactions  equally,  so  that  their  relative  rates  will  not  be 
disturbed  from  this  cause. 

It  is  of  interest  to  note  that  reaction  (4)  also  occurs  when  solid 
iron  is  present  in  a  melt  containing  Fe^Oj.  About  20  grammes  of 
mill  cinder  (80  per  cent.  SiOj)  was  placed  in  a  platinum  crucible 
and  melted  in  an  oxygen  furnace.  A  piece  of  pure  iron  weighing 
1*40  gramme  was  then  quickly  pushed  beneath  the  surface  and  the 
heating  continued  at  about  1400®  C.  for  fifteen  minutes,  after 
which  time  the  melt  was  rapidly  cooled.  On  crushing,  no  trace 
of  the  metallic  iron  could  be  found,  and  the  iron  content  of  the 
cinder  had  increased  from  47*2  to  49*0  per  cent.  There  can  be 
no  doubt  that  this  reaction  plays  an  important  part  in  the  forma- 
tion of  scale  on  the  surfaces  of  ingots,  slabs,  &c.,  when  in  the 
soaking  pits. 

The  oxidation  of  the  carbon  by  the  slag  takes  place  by  re- 
actions (1),  (2),  and  (8).  The  first  depends  upon  the  concentra- 
tion of  the  FeO,  while  the  other  two  will  depend  upon  that  of  the 
Fe^Os*  Seeing  that  the  proportion  of  the  former  oxide  to  the 
latter  is  generally  greater  than  100  to  1,  and  even  at  the  end 
of  the  process  is  usually  more  than  10  to  1,  it  is  evident  that 
if  any  considerable  part  of  the  oxidation  is  performed  by  the 
F^Os  the  rate  of  reaction  (1)  must  be  very  much  less  than  that 
of  (2)  and  (3).  A  strong  reason  has  already  been  given  (p.  288) 
for  believing  that  this  is  the  case,  for  on  addition  of  Fe^O^  to  the 
bath  this  oxide  is  at  once  destroyed,  while  the  FeO  increases. 
Several  other  considerations  can  be  advanced  which  all  point 
to  the  conclusion  that  the  greater  part  of  the  carbon  oxidised 
by  the  slag  is  removed  by  the  Fe^Oj,^  according  to  equations  (2) 

1  ^The  possibility  tlutt  Fe,Oa  may  play  an  important  part  as  a  carrier  of  oxygen  vas  first 
sqggafted  by  Dr.  Stead.    Journal  of  At  Iran  and  Sud  InsiUvie,  1897,  Na  I.  p^  134. 
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and  (8),  and  only  a  small  part  by  the  FeO,  according  to  equa- 
tion (1). 

(aj  Percys  endeavoured  to  reduce  a  melt  of  fayalite  com- 
position by  carbon,  and  only  succeeded  in  obtaining  a  melt  having 
a  similar  composition  to  a  ferruginous  acid  slag.  He  was  unable 
to  effect  the  complete  reduction  of  FeO  in  the  presence  of  excess 
silica. 

(b)  It  is  well  known  that  during  the  **  boil "  the  thickening 
of  the  slag  through  removal  of  the  FeO  is  accelerated  by 
the  action  of  a  good  flame  on  the  surface.  This  may  well 
be  connected  with  the  more  rapid  oxidation  of  the  FeO  in  the 
slag  through  the  action  of  the  hot  flame,  the  F^Os  so  formed 
being  then  reduced  to  metallic  iron  by  the  carbon. 

(c)  In  a  series  of  interesting  experiments,  Hatfield  and 
McWilliam  ^  found  that  a  considerable  reduction  of  silica  could 
be  obtained  imder  suitable  conditions  even  in  the  presence  of 
21*0  per  cent,  of  FeO.  Had  it  been  possible  to  reduce  the  FeO 
rapidly  this  should  have  occurred  in  preference  to  the  reduction 
of  silica. 

(d)  The  great  difficulty  with  which  FeO  is  reduced  in  a  siUceous 
slag  is  very  well  shown  in  the  above-mentioned  experiments, 
in  which  a  furnace  was  held  for  over  two  hours  without  ore 
additions,  the  slag  becoming  very  thick.  During  this  time  the 
carbon  dropped  from  0*86  to  0-88  per  cent.,  while  the  FeO  in  the 
slag  was  only  lowered  from  24*0  to  20-8  per  cent.  Thus,  although 
the  slag  was  in  contact  with  a  metal  fairly  rich  in  carbon,  no 
great  loss  of  FeO  had  occurred,  most  of  the  carbon  having  been 
eliminated  by  gas-oxidation.  Similar  results  have  been  obtained 
by  the  authors. 

These  considerations  all  indicate  that  in  the  presence  of  a 
high  silica  content,  such  as  occurs  in  the  acid  slags,  the  reduction 
of  the  FeO  is  very  slow,  so  that  the  amount  of  carbon  removed  by 
reaction  (1)  is  comparatively  small.  It  follows  that  if  a  charge 
covered  with  an  ordinary  slag  could  be  held  in  a  neutral 
atmosphere  the  slag  would  thicken  only  very  slowly  and  the 
elimination  of  the  carbon  would  be  greatly  retarded.  This  effect 
may  possibly  be  due  to  the  existence  of  a  stable  silicate  of  iron 

1  W.  H.  Greenwood,  '*  Steel  and  Iron,"  1893,  p.  66.    See  also  diBOUMion  b^  E.  Ixmit  on 
Paul's  paper.  Journal  of  the  Iron  and  8ted  InstittUe,  1912,  Na  II.  p.  105. 
>  Journal  of  th€  Iron  and  Sted  IngtituU,  1902,  No.  I.  pp.  64-62. 
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in  the  molten  slag.  That  the  oxidation  of  the  carbon  by  the  slag 
during  the  ''  boil  "  i;  rapid  is  evident  from  the  manner  in  which 
the  slag  quickly  thickens  after  a  feed  of  ore.  As  the  reduction 
of  FeO  appears  to  be  so  slow,  this  rapid  removal  of  iron  must  be 
attributed  to  the  complete  reduction  of  F^Og  formed  from  the 
FeO  by  gas*oxidation ;  the  ferrous  sihcate  must  be  oxidised 
before  it  can  be  easily  reduced  to  form  metallic  iron.  It  is  thus 
clear  that  the  rapid  working  of  the  charge  is  dependent  to  a  large 
extent  on  the  degree  to  which  gas-oxidation  occurs.  The  use 
of  a  rich  gas  with  as  much  air  as  the  furnace  can  carry  will 
afford  the  best  conditions  for  the  rapid  thickening  of  the  slag,  so 
permitting  an  increased  frequency  of  ore  additions  which  will 
accelerate  the  removal  of  the  carbon. 

10.  Oxidation  by  Direct  Contact  of  Metal  uoUh  Gas. — The 
preceding  remarks  have  been  concerned  entirely  with  the  trans- 
mission of  oxygen  to  the  metal  by  way  of  the  slag.  During  the 
"  boil/'  however,  the  slag  is  highly  charged  with  metallic  iron, 
and  the  possibility  of  oxidation  by  direct  contact  of  metal  with 
gas  must  also  be  considered.  That  gas-oxidation  actually  does 
occur  by  this  means  is  clearly  seen  by  comparing  the  rate  at 
which  oxygen  is  absorbed  from  the  gas  during  the  boiling  period 
(1)  with  that  during  the  finishing  period  (2). 

(1)  It  has  already  been  shown  (p.  226)  that  more  than  50  per 
cent,  of  the  carbon  present  on  melting  is  removed  during  the 
subsequent  working  by  gas-oxidation.  This  figure  includes  the 
amount  eliminated  in  the  finishing  period  when  the  slag  is 
practically  free  from  metal,  but  since  the  quantity  of  carbon 
removed  in  the  later  stage  is  relatively  small  the  same  ratio  of 
gas-oxidation  may  be  held  to  apply  to  the  boiling  period  taken 
by  itself,  and  the  rate  of  removal  of  carbon  by  this  means  will 
be  about  0*30  per  cent,  per  hour. 

(2)  As  soon  as  the  metal  has  dropped  off  the  ''  boil "  the 
metallic  globules  are  no  longer  held  in  suspension,  and  oxygen 
from  the  gas  can  then  only  reach  the  metal  through  the  slag. 
The  amount  of  oxygen  taken  from  the  gas  at  this  stage  may 
readily  be  calculated  from  analyses  of  slag  and  metal  samples ; 
the  following  will  serve  as  an  illustration.  The  last  feed  of  ore 
was  given  to  a  100-ton  charge  when  the  carbon  was  about  0-28 
per  cent.    After  the  reaction  had  subsided  samples  of  metal  and 
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slag  were  taken  at  intervals  until  the  carbon  had  been  reduced 
to  0*12  per  cent.  The  results  of  the  analysis  of  these  samples 
are  given  in  the  table  below : 


Time. 

11.6. 

11.16. 

11.27. 

11.46. 

12.0  a.m. 

Carbon  in  metal  . 
Ferrous  oxide  in  slag    . 
Ferrio  oxide  in  alag 

Per  Cent. 
0-24 
31-2 
0-36 

Per  Gent 

0-22 

80-90 

0-30 

Per  Gent. 

0-19 

30-60 

0-66 

PbrCent 
0-16 
29-4 
0-60 

Percent 
0-12. 
29-31 
0-86 

The  finishing  slag  weighed  about  12  tons  and  had  the  following 
analyses :  SiOj,  54-8  ;  FeO,  298  ;  MnO,  1010;  CaO,  34 ;  MgO, 
0-80  per  cent.  From  these  figures  the  amount  of  oxygen  taken 
up  can  be  obtained  as  follows  : 


(1)  In  the  formation  ol  Fe,Oa  in  slag  about 

(2)  In  the  elimination  of  0-12  per  cent  carbon 

Total     • 


0018  ton 
0160    „ 


0178 


From  this  total  0-055  ton  must  be  deducted,  owing  to  removal 
of  FeO  from  the  slag.  The  amount  of  oxygen  absorbed  in  fifty-five 
minutes  by  gas  oxidation  was  therefore  0*128  ton,  which  would 
be  suflBcient  to  remove  0*10  per  cent,  of  carbon  per  hour,  while 
during  the  boiling  period  the  average  drop  in  carbon  exceeded 
0-50  per  cent,  per  hour,  of  which  about  0*30  per  cent,  per  hour 
was  removed  by  gas-oxidation.  It  is  probable  that  the  figure 
found  for  the  end  period  is  on  the  low  side,  owing  to  the  com- 
parative quietude  of  the  slag,  the  lower  content  of  PeO  and 
higher  content  of  Fe^Oa,  which  would  all  tend  to  reduce  the  rate 
of  absorption.  Even  when  all  possible  allowance  is  made  for 
such  points  as  these,  and  for  a  probable  small  increase  of  FeO 
in  the  metal,  it  seems  certain  that  the  amount  of  gas-oxidation 
occurring  during  the  ^'  boil  "  was  at  least  twice  as  much  as  that 
in  the  finishing  stage,  and  as  the  area  of  the  bath  and  the  average 
composition  of  the  slag  remained  about  the  same  throughout, 
the  greater  rate  during  the  *'  boil "  must  have  been  caused  by 
the  direct  contact  of  the  metal  with  the  gas.  This  contact  is 
effected  in  two  ways : 

(1)  The  violent  agitation,  brought  about  by  the  addition  of 
large  lumps  of  ore,  often  causes  quantities  of  metal  momentarily 
to  flow  over  the  surface  of  the  slag. 
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(2)  A  still  more  important  action  most  be  due  to  the  very 
numerous  globules  of  metal  which  are  constantly  entering  the 
surface  layer  of  the  slag,  where  they  will  be  rapidly  oxidised,  even 
if  they  do  not  actually  come  into  open  contact  with  the  gas. 

11.  The  Effect  of  Lime  Additions  on  the  Bate  of  Gas-Oxidaiion. 
— It  is  well  Imown  that  the  presence  of  a  considerable  amount 
of  lime  in  the  slag  retards  the  rate  of  removal  of  the  carbon, 
especially  in  the  finishing  stages.  A.S  has  just  been  shown,  the 
oxidation  of  the  carbon,  after  the  metal  has  dropped  off  the 
"  boil,"  takes  place  by  way  of  the  slag  and  not  by  direct  contact ; 
since  the  activity  of  the  metal  in  reducing  the  slag  is  not  affected 
by  lime  additions,  the  retardation  must  be  attributed  to  a 
diminished  capacity  of  the  slag  for  absorbing  oxygen.  This 
view  would  require  that,  under  equal  conditions,  a  limey  slag 
should  contain  a  lower  amount  of  Fe^O,  than  one  not  containing 
lime.  The  following  two  analyses  of  finishing  slags  which  were 
obtained  under  comparable  conditions  show  that  this  is  indeed 
the  case : 


0  in  Bath. 

SiO.. 

PeO. 

MnO. 

CaO. 

Pe.O,. 

1 

2 

Per  Cent. 
013 
0*12 

Per  Cent 
52-8 
fiO-6 

Percent 
301 
21-9 

Per  Cent 
10-2 
10-5 

Per  Cent 
0-8 
13-8 

Per  Cent 
1-70 
0-30 

It  is  clear  that  the  diminution  of  the  FcjOs  content  in  No.  2 
sample  cannot  be  due  simply  to  the  lower  content  of  FeO; 
the  capacity  of  the  slag  for  absorbing  oxygen  has  evidently 
decreased  independently  of  this.  Slags  of  intermediate  lime 
content  are  generally  intermediate  in  their  Fe^Oj  content  when 
taken  at  the  same  stage  as  the  above ;  an  example  is  to  be  seen 
in  the  slag  analysis  given  on  p.  226.  The  diminution  of  the 
Fe,0,  content  in  the  presence  of  hme  corresponds  with  the 
reduced  oxidising  power  of  these  slags.  Not  only  is  the  carbon 
removed  more  slowly,  but  the  oxidation  of  the  iron  according 
to  reaction  (4),  p.  234,  is  also  greatly  retarded.  This  is  indicated 
by  the  fact  that  the  increase  in  total  iron  which  may  occur  in 
ordinary  slags  at  the  finish  through  the  above  reaction  is  seldom, 
if  ever,  obtained  when  lime  is  used  in  any  quantity. 

The  action  of  lime  in  suppressing  the  gas-oxidation  of  the 
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slag  is  of  great  practical  value  in  the  production  of  that  state 
of  the  bath  known  as  the  "  dead  melt."  When  a  perfectly 
dead  melt  is  obtained  the  carbon  content  of  the  metal  becomes 
nearly  stationary,  a  condition  in  which  it  is  clear  that  gas-oxida- 
tion has  almost  entirely  ceased.  According  to  the  views  here 
advanced,  by  suitable  lime  additions  the  rate  of  the  formation 
of  Fe^Oj,  and  consequently  the  rate  of  gas-oxidation,  can  be 
greatly  retarded.  In  the  absence  of  further  ore  additions  this 
retardation  leads  to  a  gradual  slackening  of  the  reaction ;  as  a 
consequence,  the  metallic  globules  fall  from  the  slag  and  so  oxi- 
dation by  direct  contact  also  ceases.  An  opportunity  is  thus 
given  for  the  completion  of  those  reactions  occurring  in  the 
body  of  the  metal  which  lead  to  the  production  of  the  dead 


SUMMARY. 

The  paper  is  divided  into  three  sections,  dealing  respectively 
with  the  microstructure  of  slags,  the  structure  of  the  hearth,  and 
the  reactions  occurring  in  the  molten  slag  during  the  process. 

Part  I.    The  Microstructure  of  Acid  Slags. 

1.  The  minerals  present  in  slowJy  cooled  acid  slags  without 
lime  are  tridymite,  cristobalite,  fayaUte,  and  rhodonite ;  the 
last  named  contains  the  bases  in  very  nearly  the  same  ratio  as 
the  melt.  The  silica  minerals  freeze  first,  but  super-cooling 
always  occurs  to  some  extent.  TTiey  are  followed  by  fayalite 
or  rhodonite,  the  silicate  formed  being  determined  by  the  ratio 
of  iron  oxide  to  manganese  oxide ;  when  this  exceeds  73 :  27 
fayalite  is  formed ;  in  other  cases,  rhodonite.  In  slags  containing 
more  than  about  8  per  cent,  of  lime,  an  anorthic  metasilicate  of 
CaO,  FeO,  MnO,  MgO  is  obtained,  which  has  a  brilliant  cleavage 
and  gives  rise  to  a  marked  acicular  fracture  in  the  slag. 

2.  The  order  of  freezing  of  the  minerals  in  a  number  of  slags 
whose  analyses  are  given  is  represented  in  a  ternary  diagram, 
which  is  approximately  that  for  the  system  PeO-MnO-SiOg. 
A  quaUtative  diagram  is  also  given  to  illustrate  the  binary  system 
FeO-SiOj. 
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Plate  111 


No.  1.       X  85.      Acid  slag ;  tridymite  in  Xo.  2.      x  425.    The  same,  polished 

groundmass  of  fayalite,  &c.  section. 


No.  3.      X  85.     Acid  slag ;    cristobalite   in  No.  4.      x  425.     The  same,  polished 

groundmass  of  rhodonite,  &c.  section. 


No.  6.      X  85.      Section  through  a  nodule 
No.  5.      X  90.     Eutectic  of  silica  and  fayalite  from   an   acid  slag ;    tridymite,  cristobalite 

with  brown  glass.  and  rhodonite. 

To  face  p,  240 
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Plate    IV. 


No.  7.      X  85      Acid  slag;  crislobalite  in  No.  8     x  425.    The  same;  polished  section ; 

melasilicate  and  glass.  cristobalite,  metasilicate,  fayalite  and  glass. 


No.  9,      X  20,     Acid  slag;  spoon -sample.     Thin  section  in  oblique  illumination. 


No.  10.      X  85.     Acid  slag ;  spoon-sample,  No.    11.        x  35.      Acid  slag ;   sample  1 

reheated  at  about  1200°C.  for  18  hours.  reheated  at  about  1200'^C.  for  18  hours. 


Digitized  by 


Googk 


Plate   V. 


4^ 


^ 


*%\*t**^*V-  » 


^%' 


^ 


4i 


4« 


-^/4  t; 


No.  12.     X  425.    Acid  slag,  polished  section  ; 
rhodonite,  fayalite  and  glass. 


_     5b  ^% 


No.  13.      X  425.     Acia  slag,  spoon-sample,    ' 
polished ;  rosettes  of  silica  in  glass. 


No,|14.     X  20.     Acid  slag ;  cristobalite  in  ground  mass  of  fayalite,  &c. 


Xo.  15.      X  260.     Koseites  of  silica  in 
rhodonite  and  glass. 


Xo.  16.      X  i)n.     "  bank"  of  acid  ftirnace  ; 
cristobalite  with  niagrretite,  &ct 

Digitized  by  VjOOQ IC 


Plate   Vi 


No.  17.     X  85.     Freshly-made  patch  in  an  No.  18.       x  86.      Older,  portion  of  an 

acid  hearth  ;  sand-grains  partially  altered  acid    hearth  ;    alteration    to   tridynuie 

to  tridyniite.  completed. 


No.  19.      X  85.     Surface  of  acid  hearth ;  No.  20.      x  86.     Lower  part   of  hearth 

tridymitc  passing  into  cristobalite,   with  next  brickwork;    gannister  and  sand  in 

J    fayalite.  slag  with  fayalite 


No.  21.      X  18.     Dendritic  cristobalite  No.  22.     x  80.     Sand-grains  from  hearth, 

with   interstitial  slag,   from  the  centre  with  further  growth  of  quartz  in  optical 

of  a  slag-ball.  continuity,     xdnicols. 
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Plate   Vll. 


No.  28.      X  20.     Acid  slag ;  anorthic  metasilicate 
with  brown  glass. 


No.  24.     X  20.      Acid  slag  ;  rhodonite  with  brown  glass 
containinfij  narrow  crystals  of  fayalite. 


Digitized  by 


Googk 


Plate  VI il. 


No.  25.      X  20.    Acid  slag ;  cristolialite  in  a  ground  mass 
of  fayalite  and  glass 


No.  26.      X  15.     Skeletal  octahedra  of  cristobalile  in 
parallel  growth  on  a  plate  of  the  same  mineral. 

To  face  p,  941. 
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8.  Acid  slags  after  being  reheated  for  eighteen  hours  at 
1800^  C.  contain  free  tridymite,  and  resemble  the  furnace  hearth 
in  stracture. 

4.  Spoon  samples  taken  from  the  furnace  are  superficially 
oxidised  to  a  depth  which  depends  on  the  nature  of  the  slag,  and 
is  least  when  the  silica  is  high  or  when  lime  is  present.  The 
dull  lustre  of  fractured  glassy  samples  is  due  to  minute  particles 
of  silica. 

Part  II.    The  Acid  Hearth. 

5.  A  number  of  analyses  show  that  the  hearth  contains  only 
70  per  cent,  of  silica,  although  the  sand  used  is  required  to 
contain  at  least  96  per  cent. 

6.  Microsections  show  that  the  upper  layer  consists  mainly 
of  interlacing  plates  of  tridymite  with  interstitial  slag ;  in  the 
lower  and  cooler  parts  the  quartz  grains  are  less  altered.  The 
penetration  of  slag  extends  down  to  a  well-defined  limit,  usually 
in  the  brickwork.  The  relatively  small  depression  of  the  freez- 
ing point  of  silica  in  the  presence  of  impurities  is  no  doubt  an 
important  factor  in  the  stability  of  the  hearth. 

7.  The  effect  of  impurities  in  the  sand  is  complex ;  apart 
from  softening  the  bank,  they  give  rise  to  caking  and  so  prevent 
the  absorption  of  the  fluid  slag  on  the  bottom  by  the  new  sand 
— an  action  which  is  essential  for  the  satisfactory  repair  of  the 
hearth. 

8.  The  amount  o'  ferric  oxide  in  the  hearth  is  considerably 
lower  than  that  in  the  surface  layers.  This  may  be  due  to  re- 
duction by  CO  or  metal,  and  to  reaction  with  the  silica  present. 

Part  IIL     The  Molten  Slao. 

9.  The  adjustment  of  the  slag  by  the  smelter  to  the  required 
d^ee  of  viscosity,  and  the  manner  in  which  the  iron  content  is 
reduced  by  lime  addition^,  are  described. 

10.  The  proportion  of  carbon  removed  by  gas-oxidation  is 
estimated  from  experimental  data  for  casts  with  and  without 
lime  additions.  Between  melting  and  tapping  at  least  half  the 
carbon  is  so  oxidised,  and  this  proportion  is  not  greatly  altered 
when  lime  is  used. 

1919— i.  R 


Digitized  by 


Googk 


242     WHITELBY  AND  HALLTMOND  :    THE  ACID  HEARTH  AND  SLAOt. 

11.  The  physical  conditions  under  which  the  molten  slag 
reacts  are  discussed,  and  it  is  shown  that  during  the  "  boil  "  one- 
half  per  cent,  of  the  metal  is  su^ended  as  small  globules  in  the 
slag,  so  that  the  reacting  surface  is  greatly  increased^. 

12.  The  view  is  advanced  that  gas-oxidation  takes  place — 
(1)  By  the  formation  and  reduction  of  Fe^O^  in  the  slag ;  (2)  by 
direct  contact  of  the  metal  and  gas. 

13.  Experiments  are  given  to  show  that  the  proportion 
between  ferrous  and  ferric  oxides  in  a  melt  is  determined  by  the 
silica  content,  the  temperature,  and  the  nature  of  the  gases.  In 
acid  slag  under  ordinary  furnace  conditions  the  maximum  (in 
the  absence  of  reduction  by  the  metal)  appears  to  be  about  4  per 
cent. 

14.  Throughout  the  **  boil  **  the  content  of  Fe^O^  remains 
very  low  (0*3  per  cent.),  but  may  increase  in  the  finishing  period 
as  far  as  8*0  per  cent.  It  is  clear  that  the  Fe^O^  must  be  very 
rapidly  destroyed  by  the  reducing  action  of  the  metal,  which 
slackens  as  the  carbon  content  falls  and  so  permits  the  increase 
of  FejOj  at  the  finish. 

15.  The  relative  rates  of  various  possible  reactions  between 
slag  and  metal  are  discussed.  The  constancy  of  composition  of 
the  slag  in  the  later  stages  is  due  to  a  balance  between  the  oxida- 
tion of  iron  from  the  metal,  and  the  reduction  of  iron  from  the 
slag  by  the  carbon.  In  an  acid  slag  the  latter  reaction  probably 
takes  place  mainly  through  the  direct  reduction  of  Fe^O^  rather 
than  by  the  reduction  of  ferrous  silicate. 

16.  Of  the  carbon  removed  from  the  metal  after  melting, 
roughly  one-half  is  removed  by  the  ore,  one  quarter  by  gas-oxida- 
tion through  the  slag,  and  one  quarter  by  direct  contact  between 
metal  and  gas. 

17.  The  effect  of  lime  in  the  slag  is  to  lower  the  PejOs  content ; 
this  action  is  probably  of  great  value  in  protecting  the  metal 
from  oxidation  during  "  dead  melting."        • 
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DISCUSSION. 

Mr.  E.  H.  Santter  (Rotherham)  said  that  the  paper  was  exceed- 
ingly interesting,  and  gave  a  good  deal  of  valuable  information.  He 
had  also  greatly  admired  the  beautiful  photomicrographs  of  the  slags. 
Owing  to  the  war,  everybody  had  had  to  readjust  their  ideas  with 
regard  to  the  sand  used  in  the  Siemens  furnace.  He  saw  the  authors 
considered — and  he*  thought  rightly — that  it  was  necessary  to  have 
a  fairly  high  percentage  of  silica  in  the  sand  used,  although  the  bottom 
might  contain  less  silica  than  the  sand  added  to  it.  His  own  experience 
was  that  before  the  war  too  much  insistence  had  been  placed  on  a 
refractory  sand.  Sand  was  used  which  was  so  refractory  that  it  was 
very  difficult  to  flux  properly,  and  consequently  gave  more  trouble 
than  it  ought  to  have  done.  Since  the  war  he  had  mixed  two  sands 
which  would  average  97  per  cent,  silica.  An  inferior  and  a  better 
sand  had  been  mixed  in  equal  proportions,  and  much  better  results 
had  been  obtained  in  the  bottoms  than  had  been  obtained  with  Belgian 
sand  as  used  before  the  war.  The  authors'  statements  as  to  the  use 
of  limestone,  and  its  retarding  effect  on  the  formation  of,  he  would 
not  say  peroxide  of  iron  but  of  magnetic  oxide  in  the  slag  at  the  end 
of  the  operation,  raised  a  very  important  point.  Perhaps  people 
were  unaware  that  it  was  the  limestone  that  had  a  retarding  action, 
and  therefore  a  valuable  bearing  on  the  making  of  steel,  by  securing 
that  retarding  action  of  the  limestone  on  the  formation  of  magnetic 
oxide  towards  the  end  of  the  operation.  With  regard  to  the  calcula- 
tions of  the  amount  of  oxidation  caused  by  ore  and  by  air,  there  was 
an  instance  given  of  slag  being  25  per  cent,  in  iron  right  through. 
He  had  been  won3ering  whether  a  great  deal  of  the  oxidation  did 
not  occur  at  the  early  stage  of  the  slag,  or  whether  perhaps  in  that 
particular  calculation  that  had  been  overlooked.  Later  calculations, 
he  knew,  took  that  point  into  consideration. 

Dr.  F.  RoQERS  (Sheffield)  considered  that  the  research  work  on  the 
constitution  of  the  hearth  and  slag,  recorded  by  the  authors,  especially 
if  studied  in  conjunction  with  the  valuable  paper  by  Dr.  McCance* 
on  non-metallic  inclusions,  formed  a  most  useful  store  of  knowledge 
for  which  the  need  existed  in  the  study  of  many  steel  problems. 
Obviously  it  was  not  possible  for  every  worker  to  carry  out  such  general 
studies  for  his  own  immediate  needs ;  he  had  been  able  to  work  at 
portions  of  the  field  from  time  to  time  as  occasion  demanded.  In 
particular  he  had  directed  his  attention  to  minimising  the  amount 
of  iron  oxide  in  the  metal  towards  the  end  of  the  melting  processes, 
and  to  the  minimising  of  non-metallic  inclusions.    He  had  previously 

^  Journal  of  the  Iron  and  BUd  InsHhOe,  1918,  No.  L  p.  239. 
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indicated  cooditioiis  which  specially  conduced  to  the  minimising  of 
iron  oxide  in  the  acid  open-hearth  bath  at  the  end  of  the  boiling  down, 
and  he  would  emphasise  the  importance  of  doing  so  as  thoroughly  as 
possible  previous  to  the  addition  of  deoxidisers.  In  the  case  of  bottom 
run  ingots  in  particular,  owing  to  the  molten  metal  having  washed  over 
fireclay  surfaces  in  contact  with  hot  air,  as  well  as  in  steel  in  general, 
instances  often  arose  in  which  it  was  most  important  to  decide  whether 
non-metallic  inclusions  had  been  due  to  that  contact  with  refractory 
materials,  or  to  furnace  slags,  or  to  their  formation  in  situ  during 
casting  and  solidification.  Ajaalyses  of  small,  but  significant,  inclusions 
were  often  almost  impossible.  Systematic  data  as  to  microstructure 
of  the  non-metallic  matters,  such  as  was  given  by  the  authors  and  by 
Dr.  McCance,  was  therefore  very  valuable.  The  fluxing  of  several  of  the 
principal  refractory  materials  in  contact  with  molten  steel  and  slag, 
and  under  furnace  wall  and  roof  conditions,  yet  remained  to  be  fully 
studied  in  order  to  complete  the  knowledge  possessed  of  that  series 
of  associated  problems. 

Dr.  A.  McCancb  (Glasgow)  said  he  would  only  deal  with  one  of  the 
many  questions  raised  in  the  authors*  very  original  paper,  and  that 
was  the  role  which  atmospheric  oxidation  of  the  slag  played  in  removing 
the  carbon.  They  ascribed  it  to  FcsOs  formed  by  direct  oxidation 
of  FeO  and  acting  as  a  carrier  of  oxygen  from  the  air  to  the  molten 
bath  of  metal.  Although  such  action  was  admitted  by  him,  he  did 
not  think  that  Fe203  played  any  part  in  it  as  such,  but  that  the  real 
carrier  of  the  oxygen  was  Fes04.  The  presence  of  magnetite  in  open- 
hearth  slag  which  he  had  first  noticed  and  Mr.  Whiteley  confirmed, 
gave  obvious  support  to  that  view^  but  there  were  other  reasons  as 
well.  When  considering  the  question  some  time  ago  he  (Dr.  McCance) 
had  been  anxious  to  discover  whether  open-heartk  slag  was  oxidised 
by  air,  and  for  that  purpose  some  finely  ground  slag  was  heated  in  a 
current  of  air  at  gradually  increasing  temperatures,  and  the  increase 
in  weight  measured.  The  sample  contained  to  begin  with  1202 
per  cent.  FeO  and  0*80  per  cent.  FcjOs,  and  the  increase  in  weight 
commenced  at  500°  C.  and  reached  a  maximum  at  about  llOO*'  C,  at 
which  temperature  the  iron  had  become  almost  wholly  ferric,  an  actual 
analysis  giving  0*50  per  cent.  FeO  and  14*40  per  cent.  FcjOs.  The 
slight  difference  in  the  iron  content  of  the  two  samples  was  due  to  the 
fact  that  the  samples  were  taken  at  difierent  times  from  two  lots  of 
the  same  slag  crushed  separately.  In  the  first  case  the  increase  in 
weight  occasioned  by  the  conversion  of  all  the  ferrous  iron  into  ferric 
would  be  1*34,  and  in  the  second  case  it  would  be  1*43.  Actually 
the  weighed  increase  was  1*38  percent.,  so  that  it  corresponded  exactly 
with  the  conversion  of  the  ferrous  iron  to  the  ferric  condition. 

The  slag  at  1100''  C.  was  non-magnetic  but  on  heating  higher  it 
became  magnetic,  and  at  the  same  time  the  increase  in  weight  decreased 
up  to  1300"*  C,  which  was  the  highest  temperature  tried.    That  showed 
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that  FetOs  in  air  above  1100^  C.  was  decomposed  and  that  it  was  the 
magnetic  oxide  which  was  formed.  In  addition  to  that  evidence 
theoretical  considerations  pointed  to  the  stable  oxide  being  the  one 
which  had  the  lowest  dissociation  pressure,  and  at  1500^  C.  the  dis- 
sociation pressures  were  roughly 

Fe,0,  ->  PcO,.  FejO*  <-  FeO. 

17,000  millimetres.  0*4  millimetre. 

All  the  evidence  therefore  showed  that  FctOs  did  not  exist  at  the 
temperatures  of  steel-making  furnaces.  At  the  same  time  he  did 
not  attach  the  same  importance  on  that  action  as  a  source  of  the  un- 
accounted oxygen  as  Mr.  Whiteley  did.  He  had  examined  in  detail 
a  great  many  charges  and  found  that  the  unaccounted  oxygen  expressed 
as  a  molecular  percentage  of  the  melted  weight  in  tons,  varied  from 
1'5  to  2*5  per  cent.,  and  although  particular  attention  had  been  paid 
to  the  point  he  had  not  found  that  the  figures  bore  any  relation  to  the 
ratio  of  slag  area  to  charge  weight.  In  large  quick-working  furnaces 
with  shallow  baths  the  missing  oxygen  was  no  higher  on  the  average 
than  in  the  case  of  deep  bathed  furnaces  with  a  small  area  of  slag. 
The  working  temperature  of  the  charge  seemed  of  greater  importance 
than  the  area  of  slag.  The  missing  oxygen  really  came  front  two 
sources  :  (1)  It  was  carried  through  the  slag  from  the  air  by  the  action 
of  Fes04.  (2)  It  was  abstracted  from  the  metal  where  it  existed  as 
FeO  in  solution.  All  the  evidence  he  had  collected  on  that  point  led 
him  to  believe  that  the  second  source  was  of  greater  importance  than 
the  first,  and  that  it  accounted  for  more  than  50  per  cent,  of  the  total 
missing  oxygen. 

Dr.  J.  E.  Stead,  F.R.S.,  Vice-President,  said  he  had  little  to  say 
except  in  praise.  The  subject  of  the  relations  between  the  slag  and 
the  steel  in  the  bath  required  very  careful  study,  and  the  paper  was 
one  of  the  best  papers  of  the  kind  that  had  ever  been  published.  Every- 
body who  undertook  research  found  something  new.  They  might 
look  for  one  thing  and  not  find  what  was  looked  for,  but  would  be 
rewarded  by  finding  something  else.  One  remarkable  fact  to  be  noted 
was  the  large  amount  of  iron  oxide  in  the  sand  bottoms  of  the  furnace. 
It  would  have  been  naturally  supposed  that  such  material  would  melt 
down  very  easily,  but  as  a  matter  of  fact  it  was  found  that  it  stood 
up  perfectly  soundly  and  did  not  give  way.  Something  very  similar 
occurred  in  the  ganister  bricks  of  the  roofs  of  furnaces.  When  heat 
played  upon  the  ends  of  the  bricks  the  fusible  parts  became  liquid, 
and  some  of  the  oxide  of  iron  which  was  caught  from  the  floating  dust 
in  the  furnace  was  absorbed  by  the  brick,  and  ascended  by  capillary 
attraction  and  concentrated  at  a  considerable  distance  away  from  the 
point  at  which  it  entered.  There  was  less  lime  in  the  nose  of  such  a 
ganister  brick  than  there  was  in  the  original  brick.  The  lime  fluxed 
by  the  silica  had  run  upwards,  leaving  the  greater  mass  of  silica,  and 
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a  considerable  quantity  of  iron.  The  structure  of  the  nose  of  the 
brick  was  very  similar  to  that  of  the  hearth  of  the  furnace,  as  it  con- 
tained large  quantities  of  an  allotropic  modification  of  silica  in  grains 
with  silicate  of  iron  between. 

He  would  point  out  also  it  was  very  necessary  that  mineralogists 
such  as  Mr.  Hallimond  and  metallurgists  should  work  together  in 
order  to  elucidate  many  of  the  interesting  points  connected  with  the 
metallurgy  of  iron.  He  was  also  glad  to  see  the  younger  members 
coming  forward  and  making  such  progress  in  knowledge.  Papers 
from  Sheffield,  Glasgow,  the  North  and  East  Coasts,  not  to  mention 
other  districts,  were  all  doing  great  and  progressive  work.  He  hoped 
that  would  be  an  encouragement  and  example  to  other  workers  in 
our  industries,  and  that  we  should  continue  to  be  the  foremost  of  the 
nations  of  the  worl4r  in  that  particular  branch  of  industry. 


COBBESPONDENCE. 

Dr.  Hbnby  M.  Howb  (New  York,  U.S.A.),  Hon.  Vice-President, 
wrote  that  the  important  part  played  by  ferric  oxide  in  spite  of  there 
being  so  small  a  quantity  of  it  present  in  the  slag  at  any  given  instant, 
was  of  great  interest.  It  was  indeed  the  very  activity  of  its  02ddising. 
action  that  prevented  its  forming  a  large  proportion  of  the  whole. 
It  gave  up  its  oxygen  so  readily  not  only  to  the  carbon  and  silicon 
but  to  the  iron  and  manganese  as  well,  that  it  could  not  persist  in 
large  quantity. 

The  authors'  opinion  that  a  very  large  part  of  the  oxidation  of 
the  oxidisable  elements  occurred  through  the  parrpng  power  of  iron 
oxide  had  always  seemed  to  Professor  Howe  true.  That  carrying 
principle  was  of  the  widest  application,  both  in  fining  or  oxidising 
processes  in  which  the  oxygen  was  carried  to  elements  to  be  removed, 
and  in  reducing  ones,  including  refinings,  in  which  the  oxygen  was 
carried  in  the  opposite  direction,  from  the  oxides  of  the  metals  which 
it  was  desired  to  reduce  to  the  carbon  or  other  deoxidising  agent.  In 
the  open-hearth  process  in  which  the  oxidation  had  to  be  done  chiefly 
by  the  slag,  that  action  was  of  great  importance.  A  reason  additional 
to  the  cogent  ones  pointed  out  by  the  authors  was  that,  whereas  oxida- 
tion by  ferrous  oxide  robbed  the  slag  of  iron  oxide  by  reducing  the 
ferrous  oxide  to  metal  which  tended  to  separate  quickly  by  gravity, 
oxidation  by  ferric  oxide  did  not,  but  left  the  slag  with  as  much  iron 
oxide  as  before.  The  rapid  movement  due  to  the  boil  quickly  re- 
exposed  the  ferrous  oxide  thus  formed  to  the  furnace  gases  and 
reperoxidised  it,  so  that  the  cycle  of  carrying  oxygen  bom  gas  to 
carbon  went  on  continuously. 

Of  the  greatest  interest  was  the  authors'  observation  at  the  top 
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of  p.  233,  that  oring  at  the  very  early  stages  of  the  process,  and  apparently 
before  the  boil  started,  often  failed  to  increase  the  quantity  of  either 
ferric  or  ferrous  oxide  in  the  slag.  That  period  thus  linked  itself  with 
the  first  period  of  the  Bessemer  process,  when  because  of  the  relatively 
low  temperature  and  the  abundance  of  silicon  the  oxidation  was  con- 
fined almost  wholly  to  silicon  to  the  exclusion  of  carbon.  The  failure 
of  oring  to  increase  the  iron  content  of  the  slag  might  be  due  first  to 
the  abundance  of  carbon  and  silicon  in  the  bath,  which  reduced  the 
iron  oxide  of  the  ore  practically  as  fast  as  it  entered  the  slag,  and 
second  to  the  monopolising  of  the  oxygen  by  the  silicon  to  the  exclusion 
of  carbon,  because  if  carbon  oxidised  to  any  appreciable  extent  the 
boil  which  the  resultant  carbonous  oxide  would  start  would  in  itself 
constitute  a  marked  and  sudden  addition  to  the  strength  of  the 
oxidising  conditions,  and  that  addition  would  in  itself  lead  to  an 
increase  in  the  quantity  of  iron  oxide  present  in  the  slag. 

The  darkening  of  tiie  slag  towards  the  end  of  the  process  noted 
by  the  authors  at  the  bottom  of  p.  233  was  contrary  to  good  American 
and,  he  believed,  French  and  Italian  practice  in  making  steel  of  high 
grade,  because  that  darkening  was  proof  that  the  metal  was  not  losing 
its  oxygen  as  it  should,  but  on  the  contrary  was  gaining,  with  the 
inevitable  result  that  an  important  part  of  the  final  deoxidation  would 
have  to  be  done,  not  by  carbon  as  it  should  be  because  the  product 
of  the  oxidation  of  carbon  was  gaseous  and  escaped,  but  by  silicon, 
manganese,  or  other  element,  the  product  of  the  oxidation  of  which 
was  molten  or  sohd,  and  remained  in  greater  or  less  part  to  injure  the 
steel  in  the  form  of  inclusions.  It  was  held  that  in  making  acid  open- 
hearth  steel  of  good  quality  the  slag  should  be  brought  to  a  clear 
yellow,  suggesting  canary  yellow,  with  a  greenish  cast  in  case  there 
was  an  initial  manganese  content  of  1  to  1*50  per  cent. ;  dnd  that  at 
the  very  end,  before  adding  ferro-silicon,  it  should  be  brought  to  a 
grey,  dashed  as  before  with  green  in  case  of  a  fair  manganese  content. 
In  order  to  bring  that  about  the  temperature  during  the  deoxidising 
or  refining  period  had  to  be  raised  to  the  highest  which  the  roof  could 
endure,  the  high  temperature  apparently  increasing  the  deoxidising 
power  of  the  carbon.  Hence  the  rule  to  refine  hot  and  cast  cool,  the 
hot  refining  being  for  the  purpose  of  completing  the  deoxidation  of  the 
bath  by  means  of  carbon  and  thus  lessening  the  proportion  of  inclusions, 
and  the  cool  pouring  being  to  enable  the  ingots'  crust  to  thicken  at 
such  a  rate  that  it  would  be  strong  enough  to  resist  the  ever-increasing 
ferrostatic  pressure.  Yet  a  certain  amount  of  that  cracking  might 
be  tolerated,  because  too  cool  pouring  meant  that  the  steel  became 
an  emulsion  sp  thick  that  the  inclusions  failed  to  escape  readily. 

Mi.  J.  E.  Fletcher  (Dudley)  wrote  that  the  diagram  of  the  Binary 
System,  FeO.SiOa,  Fig.  2,  was  very  welcome  to  all  students  of  slag 
metallurgy.  In  a  study  of  the  puddling  furnace  reactions  and  of 
the  wor^ng  slags  he  surmised  the  presence  of  what  appeared  to  be 
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a  eutectio  in  slags  of  analysis  between   FeO.SiOa   and    2FeO.SiOa, 
Fig.  18  suggesting  the  nearness  to  a  eutectic  of  tridymite-fayalite. 

In  an  attempt  to  produce  artificially  slags  for  bottoms  of  reheating 
furnaces  from  .mixtures  of  ground  CaO.SiOa  and  FeO.SiOa  slags,  he 
found  that  in  various  mixtures  a  primary  slag  of  approximately  constant 
composition  first  formed  and  fused,  running  over  the  furnace  bottom 
and  carrying  with  it  colonies  of  viscous  CaO.SiOj  slag.  The  liquid 
primary  slag  was  of  the  order  FeO.SiOa  plus  CaO  in  slightly  varying 
proportions.  The  presence  of  P2O5  in  later  mixtures  produced  a  still 
more  fusible  primary  slag,  and  it  proved  almost  impossible  even  at 
higher  temperatures  to  produce  a  slag  of  uniform  composition  by 
melting  together  dry  mixtures  of  composition  corresponding  to  the 
mechanical  analysis.  It  was  only  by  mixing  together  molten  portions 
of  the  primary  and  secondary  slags  that  a  fair  approximation  to  the 
requirement  was  obtained. 

The  value  of  the  small  proportion  of  fayalitic  material  in  the  rich 
silica  sand  for  acid  hearths  was  obvious,  and  the  "  fritting  "  action 
it  gave  was,  he  thought,  clearly  proved  by  the  authors. 

He  was  interested  in  the  authors'  belief  that  the  reactions  between 
the  slag  and  the  metal  were  largely  contact  actions,  and  that  the 
speed  of  the  allojdng  and  refining  reactions  were  influenced  by  the 
freedom  from  gas  bubbles  and  by  the  degree  of  liquidity  of  the  slag. 
In  a  thick  slag  there  would  be,  it  would  seem,  considerable  stratifica- 
tion, the  layers  being  of  varying  composition. 

The  speed  of  the  reactions  appeared  to  be  largely  controlled  by 
the  temperature,  the  degree  of  slag  superheat  above  its  true  fusion 
point  rendering  its  constitution  unstable. 

That  was  indicated  in  the  reference  to  the  role  of  FcjOa  in  the 
slags  as  chief  reducing  agent.  In  an  examination  of  puddling  slags 
he  also  found  that  with  increasing  temperature  in  an  oxidising 
atmosphere  the  percentage  of  ferric  oxide  increased  thus : 
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18-6 

Per  Cent. 

6-6 

68-6 

25-0 

When  the  SiOa  content  of  such  slags  reached  about  40  per  cent, 
the  ferric  oxide  disappeared. 

It  had  been  thought  by  many,  and  he  supported  the  view,  that  the 
active  refining  oxides  were  best  expressed  as  FeO.FcaOi,  and  as  such 
attacked  the  bath.  The  readiness  with  which  FeO  in  a  feebly  oxidising 
atmosphere  became  FeaOs,  as  in  the  "  bull  dog  '*  kiln,  suggested 
the  instability,  at  superheated  temperatures,  of  the  oxides  FeO  and 
FcaOs  in  fellowship  in  the  slags  of  the  open-hearth. 
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Was  it  not  probable  that  at  the  high  temperature  of  the  open- 
hearth  the  two  oxides  acted  as  the  magnetic  oxide  Fe804,  which  might 
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many  puddling  slags,  especially  in  the  case  of  iron  which  had  been 
finished  too  hot  in  the  balling  stage  or  "  stewed  "  in  the  furnace. 
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pointed  to  the  function  of  magnetic  oxide  at  the  high  temperature 
of  the  acid  hearth. 

It  was  interesting  to  learn  that  the  authors  confirmed  the  work 
of  others  that  CaO  in  the  slags  protected  the  metal  from  oxidation 
during  "dead  melting/'  and  that  the  FctOs  content  was  thereby 
reduced. 

The  use  of  lime  in  puddling  slags  appeared  to  act  similarly  to 
MnO  in  that  respect. 

The  diagrams  Figs.  2a  and  3a  illustrated  his  points  in  respect  to 
the  action  of  superheating  on  slags  and  of  the  presence  of  FcaOs  in 
puddling  operations. 

The  paper  of  the  authors  was  of  fundamental  value  and  was  a 
distinct  addition  to  our  knowledge  of  acid  open-hearth  working. 

It  was  to  be  hoped  that  they  would  supplement  their  present  con- 
tribution by  a  similar  exposition  of  basic  working. 

B.  Yanesks  (Sheffield)  wrotie  congratulating  the  authors  on  the 
thorough  manner  in  which  they  had  dealt  with  their  subject.  Their 
discovery  of  a  metasilicate  of  iron,  calcium,  manganese,  and  magnesium 
in  limey  slags  was  very  interesting. 

He  (Mr.  Yaneske),  however,  did  not  agree  with  the  authors'  state- 
ment that  "lime  additions  lowered  automatically  the  iron  content 
of  the  slag  by  a  process  which  was  quite  unconnected  with  any 
chemical  equilibrium  between  these  bases  and  silica."  It  was  hiis 
experience  that  the  addition  of  CaO  did  not  lower  the  FeO  content 
of  the  slag  when  there  was  an  excess  of  SiO^  present  in  the  slag  after 
satisfying  the  demands  of  the  various  bases,  but  formed  a  lime  sili- 
cate (CaO.SiOg),  and  it  was  not  until  after  that  occurred  that  CaO 
commenced  to  displace  FeO  from  the  slag. 

The  analysis  of  an  acid  hearth  which  had  been  in  use  for  a  con- 
siderable period  (SiO,  67  per  cent.,  FeO  22*9  per  cent.,  and  FcjOj 
7*7  per  cent.)  showed  clearly  why  such  a  great  loss  of  metal  occurred 
from  the  first  charge  on  a  new  hearth,  and  the  high  percentage  of 
Fe^Oa  explained  the  liability  of  an  old  hearth  to  effect  oxidation  of  the 
metal  in  contact  with  it,  especially  when  the  carbon  was  very  low  in 
the  bath,  whereas  a  newly  sanded  hearth  had  such  a  quietening  effect 
on  the  "boil." 

With  regard  to  the  view  advanced  by  the  authors  that  the  oxidation 
of  the  greater  part  of  the  carbon  by  the  slag  was  due  to  the  reactions 
expressed  by  the  equations : 

(1)  Fe.O,  +  3C  «  3C0  +  2Pe, 

(2)  Fe,0,  +    C  «    CO  +  2FeO, 

it  was  his  (Mr.  Yaneske's)  opinion  that  the  oxidation  of  the  carbon 
was  first  effected  by  the  FcgOs  added  (as  ore)  thus : 

(1)  FeaO,  +  C  -  CO  +  2FeO. 

The  excess  of  FeO  thus  formed  after  satisfying  the  demands  of  the 
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SiOs  of  the  slag  was  then  reduced  to  metallic  iron  by  a  further  oxidation 
of  the  carbon  according  to  the  equation : 

(2)  FeO  +  C  «  CO  +  Fe, 

SO  that  the  reduction  of  FciOa  to  Fe  took  place  by  two  stages. 

The  fact  that  the  authors  found  the  FciOs  content  of  <£e  slag  ^as 
not  raised  immediately  after  the  addition  of  FctOs  as  ore,  whilst  the 
FeO  was  considerably  increased,  showed  how  rapidly  Fe^Os  was  reduced 
to  FeO,  while  the  further  reduction  of  FeO  by  the  carbon  was  not 
so  rapid,  as  that  oxide  was  much  more  stable  in  the  slag  and  the  demands 
of  the  silica  had  to  be  satisfied  first  before  the  excess  FeO  was  reduced 
by  the  carbon.  Percy's  experiment  to  reduce  a  melt  of  fayalite  com- 
position by  carbon  failed  for  the  reason  that  it  is  only  free  FeO 
(not  combined  with  silica)  {which  can  be  reduced  by  carbon.  He 
(Mr.  Yaneske)  was  of  opinion  that  the  equation  given  by  the  authors 
in  which  metallic  iron  was  oxidised  by  its  higher  oxide,  thus :  FcfOt  + 
Fe  =  3FeO,  took  place  simultaneously  with  the  oxidation  of  the 
carbon  by  the  FcfOs  added  as  ore,  and  the  FeO  produced  in  excess 
of  that  required  by  the  silica  was  then  reduced  by  the  carbon.  In 
either  case  the  oxidation  of  carbon  by  FeO  was  only  a  secondary 
reaction. 

He  thought  gas  oxidation  was  effected  during  the  ''  boil "  by 
direct  contact  of  metal  and  gas  owing  to  the  agitation  of  the  bath  by 
the  evolution  of  CO.  When  the  carbon  was  low  in  the  bath  and  the 
boil  had  almost  subsided,  he  agreed  with  the  authors'  conclusions 
that  gas  oxidation  might  take  place  owing  to  the  formation  of  FctOt 
by  the  oxidising  action  of  the  gases  on  FeO  of  the  slag,  and  the 
higher  oxide  formed  being  reduced  to  FeO  again  by  the  carbon. 
The  occurrence  of  FciOs  in  the  slag  would  depend  considerably 
upon  the  amount  of  FeO  in  the  slag  and  carbon  in  the  metal,  and 
the  oxidation  of  FeO  by  the  action  of  the  furnace  gases  would  be 
prevented  during  the  "  boil "  by  the  evolution  of  CO.  As  soon  as  the 
carbon  was  low  in  the  bath,  there  was  more  likelihood  of  FeO  being 
oxidised  by  the  gases  as  the  authors  found.  Limey  slags  containing 
less  FeO  would  not  become  oxidised  to  such  an  extent,  and  therefore 
samples  of  such  slags  have  a  thinner  oxidised  layer. 

Messrs.  Whiteley  and  Hallimoxb,  in  reply,  agreed  with  Mr, 
Saniter  that  prior  to  the  war  too  refractory  sands  were  often  used* 
Provided  that  the  impurity  present  was  chiefly  alumina,  sands  con* 
taining  97-98  per  cent,  silica  worked  quite  satisfactorily.  In  the 
instance  referred  to  of  a  slag  containing  25  per  cent,  of  iron  through- 
out the  boil,  the  authors  had  been  careful  to  state  that  that  was  an 
average  analysis;  when  once  the  charge  had  settled  down  on  the 
boil,  the  average  quantity  of  iron  in  the  slag  remained  fairly  constant, 
if  lime  or  other  bases  were  not  added  with  the  ore  in  any  quantity. 
Of  course,  the  addition  of  ore  raised  the  iron  content  for  a  time,  but 
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it  gradually  receded  again  to  the  average  amount,  which  was  con- 
ditioned by  the  degree  of  viscosity  of  the  slag  required  by  the  smelter. 
If,  as  Mr.  Saniter  suggested,  a  great  deal  of  oxidation  occurred  at  an 
early  stage,  that  would  not  affect  the  calculation  of  the  relative  amounts 
of  ore-  and  gas-oxidation ;  the  total  oxygen  added  as  ore  was  known,  the 
tot^l  oxygen  required  by  the  metal  was  also  known,  and  the  difference 
must  therefore  be  due  to  gas-oxidation.  Dr.  Rogers  had  remarked 
on  the  importance  of  minimising  as  much  as  possible  the  iron  oxide 
in  the  acid  bath  before  addition  of  deoxidisers.  That  could  only 
be  done  by  a  correct  regulation  of  the  slag,  and  it  was  therefore 
very  important  to  understand  the  reactions  which  took  place.  Dr. 
McCance's  experiments  on  the  increase  in  weight  of  acid  slags  through 
roasting  in  air  were  very  interesting,  and  there  could  be  no  doubt 
that  at  high  temperatures  FcsOa  was  more  stable  than  Fe^Os.  The 
authors  considered  that  the  evidence  at  present  available  was  quite 
insufficient  to  determine  the  state  of  combination  of  the  iron  in  those 
melts.  It  was  only  necessary  to  recall  the  work  done  on  aqueous 
solutions  to  realise  how  much  further  research  would  fee  required  before 
it  could  be  said  definitely  in  what  proportion  the  magnetite  molecule 
was  present.  The  crystalUsation  of  the  solid  was  in  itself  all  but  valueless 
as  an  indication  of  the  proportion  of  molecules  present  in  the  liquid, 
and  the  authors  had  therefore  preferred,  in  dealing  with  the  reactions, 
to  consider  only  FeO  and  FejOs.  Why,  however,  did  Dr.  McCance 
stop  there  i  If  Fefiz  was  not  to  be  mentioned,  neither  should  FeO  be, 
as  in  all  probability  it  really  existed  as  2FeO,SiOa.  The  question 
was  one  which  could  not  be  ignored  in  dealing  with  the  equilibrium 
between  metal  and  slag.  With  regard  to  the  question  of  gas-oxidation. 
Dr.  McCance  apparently  contended  that  with  a  shallow  bath  in  a 
quick  working  furnace  the  amount  of  gas-oxidation  should  increase. 
With  that  the  authors  could  not  agree,  for  it  was  obvious  that,  other 
things  being  equal,  the  faster  the  rate  of  working  the  less  would  be  the 
amount  of  gas-oxidation.  In  shallow  baths,  owing  to  the  enlarged  area 
of  contact,  that  action  was  to  some  extent  counterbalanced  by  the  greater 
speed  at  which  oxygen  was  picked  up,  and  the  resulting  proportion 
might  be  much  the  same  as  in  a  deep  bath.  So  many  factors  entered 
into  the  question  that  comparisons  cf  that  sort  might  be  very  mis- 
leading. Dr.  McCance  held  that  50  per  cent,  of  the  missing  oxygen 
was  abstracted  from  the  metal.  If  that  were  actually  the  case,  it 
would  mean  that  at  the  beginning  of  the  boil  the  metal  would  hold 
about  4  per  cent.  FeO  in  the  presence  of  about  2  per  cent,  of  carbon. 
If  acid  steel  could  hold  that  amount  of  FeO  under  the  above  con- 
ditions, one  would  expect  at  least  as  much  to  be  present  in  Bessemer 
steel,  but  recent  figures  given  by  Oberhoffer  {StaM  und  Eisen,  Feb.  7, 
1918)  showed  that  in  no  instance,  before  the  addition  of  a  deoxidiser 
to  Bessemer  steel,  was  0"10  per  cent,  of  oxygen  present. 

The  authors  were  indebted  to  Dr.  Stead  for  his  very  appreciative 
and  encouraging  remarks.  The  similarity  between  the  structure  of 
the  roof-brick  and  the  hearth  to  which  Dr.  Stead  referred  was  very 


Digitized  by 


Googk 


COBRESPONDENCE  ON  WHITELET  AND  HALLIMOND*S  PAPEB.       253 

marked ;  the  rigidity,  at  high  temperatures,  of  structures  containing 
so  little  solid  sUica  was  one  of  the  most  interesting  and  important 
features  in  the  behaviour  of  that  refractory. 

It  was  very  pleasing  to  find  that  Dr.  Howe's  views  on  the  question 
of  the  part  played  by  FejOs  in  the  slag  so  nearly  coincide  with  those 
expressed  in  the  paper.  The  action  of  even  small  amounts  of  Fe^Os 
in  refining  operations  did  not  seem  to  have  received  sufficient  attention 
in  the  past.  The  authors  would  assure  Dr.  Howe  that  it  was  also 
good  British  practice  in  making  high  grade  steels  to  avoid  any  darkening 
in  the  colour  of  the  slag  towards  the  finish ;  but  for  many  purposes 
that  was  not  essential,  especially  in  making  certain  classes  of  nuld  steel. 
In  such  cases  the  darkening  colour  afforded  the  smelter  a  useful  in- 
dication of  the  condition  of  the  bath,  particularly  as  regards  its  carbon 
content.  As  Dr.  Howe  pointed  out,  if  a  dark  slag  were  present  on 
tapping,  final  deozidation  must  always  be  done  by  the  addition  of 
deoxidisers.  The  importance  of  controlling  the  FcjOs  in  the  slag 
when  best  quality  steel  was  to  be  made  was  thus  evident. 

The  table  given  by  Mr.  Fletcher  and  the  statement  he  made  that 
when  the  silica  content  of  puddling  slags  reached  40  per  cent,  the 
FcjOa  disappeared,  fully  corroborate  the  authors'  experiments  on 
the  action  of  silica  on  the  equilibrium  between  FeO  and  FcjOs.  The 
similarity  between  the  behaviour  of  CaO  and  MnO  in  puddling  slags 
to  which  he  also  referred  was  of  interest.  The  action  of  MnO  in  acid 
open-hearth  slags  still  required  much  study ;  very  probably  it  behaved 
in  a  manner  similar  to  CaO. 

Replying  to  Mr.  Yaneske  the  authors  were  in  doubt  as  to  whether 
his  explanation  of  the  action  of  CaO  in  lowering  the  FeO  content  of 
the  slag  was  based  upon  definite  experimental  evidence  or  merely  upon 
opinion.  If,  as  Mr.  Yaneske  stated,  the  CaO  did  not  displace  FeO 
until  all  silica  in  excess  of  the  meta-silicate  ratio  had  been  satisfied, 
it  would  mean  that  no  displacement  of  iron  could  occur  until  the 
silica  content  of  the  slag  had  been  lowered  to  about  47  per  cent.  With 
that  contention  the  authors  were  unable  to  agree,  for  they  had  found 
repeatedly  that  the  addition  of  CaO  to  a  slag  containing  even  55  per 
cent,  silica  caused  a  lowering  of  the  FeO  far  in  excess  of  that  which  would 
be  due  merely  to  dilution  with  CaO  ;  in  fact,  the  FeO  content  could  be 
halved  by  CaO  additions  without  increasing  the  viscosity  and  with 
a  silica  content  maintained  well  above  50  per  cent.  The  great  loss  of 
metal  in  the  first  charge  on  a  new  hearth  referred  to  by  tir,  Yaneske, 
no  doubt,  when  oxidised,  provided  a  considerable  quantity  of  the  FeO 
subsequently  found  in  the  hearth.  Mr.  Yaneske's  statement  that  CO 
prevented  the  oxidation  of  FeO  by  the  furnace  gases  required  proof 
as  it  was  certainly  not  the  case  in  the  basic  process.  Here  as  much 
as  1*5  per  cent.  FcjOj  could  be  present  in  the  slag  during  a  vigorous 
boil,  and  if  CO  was  so  very  active  in  reducing  small  quantities  of  FcjOs 
at  those  high  temperatures,  as  Mr.  Yaneske  considered  it  to  be,  so 
high  a  content  of  FegOt  in  a  basic  slag  during  a  good  boil  would  be 
impossible. 
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DEOXIDATION,  AND  THE  INFLUENCE  OF 
LIME  ON  EQUILIBRIUM  IN  THE  ACID 
OPEN-HEARTH  FURNACE. 

Bt  B.  YANESKE  (SHBmxLD), 

INTRODUCTION. 

Thebe  has  recently  been  a  great  deal  of  controversy  between 
steel-makers  relating  to  the  value  of  limestone  in  the  working 
of  a  charge  in  the  acid  open-hearth  furnace.  At  some  steelworks 
it  is  the  usual  practice  for  the  melters  to  add  considerable 
quantities  of  limestone  to  the  bath  during  the  oreing  period, 
whilst  at  other  works  limestone  is  seldom  used  owing  to  the  view 
that  it  is  not  essential,  or  that  it  has  an  injurious  effect  on  the 
quality  of  the  steel.  It  is  the  author's  experience  that  insufficient 
attention  is  paid  by  some  steel-makers  to  the  condition  of  the 
slag  during  the  working  of  a  charge.  Their  object  being  to  make 
steel  and  not  slag,  the  composition  of  the  latter  does  not  interest 
them,  and  they  entirely  overlook  the  fact  that  the  quality  of  the 
steel  depends  upon  the  state  of  the  slag. 

The  author's  object  in  submitting  this  paper  is  to  illustrate 
the  utility  of  taking  slag  samples  in  conjunction  with  metal 
samples  ;  to  explain  the  effect  which  the  addition  of  limestone  ^ 
has  on  the  slag  and  metal ;  and  to  point  out  how  valuable  Ume- 
stofie  can  be,  if  used  judiciously,  in  obtaining  perfect  equilibrium 
in  the  furnace  bath,  which  can  only  occur  when  the  metal  has 
become  thoroughly  deoxidised,  the  attainment  of  this  condition 
being  essential  before  the  addition  of  the  finishing  alloys  if  the 
subsequent  production  of  steel  of  the  highest  quaUty  is  desired. 
To  explain  how  such  a  condition  may  be  consistently  acquired, 
it  is  necessary  to  describe  the  maimer  of  working  a  charge,  which 
the  author  has  found  to  be  ideal  for  the  end  in  view. 


^  The  1X80  of  limestone  in  the  acid  open-hearth  prooeea  has  been  preyionaly  referred  to 
KilbjyJoun    '    **    *  '  "'    "  "'     '  -       ~ 

o.  n.  p.  183. 


hv  Kilbj,  Joumal  of  ike  Iron  and  SUdlntiUuU,  1917,  No.  I.  p.  76,  and  by  Rogers,  ibid,,  1917, 
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The  Promotion  of  Equilibrium  by  the  Use  of  Limestone. 

Taking  as  an  example  the  working  of  a  0-50  per  cent,  carbon 
steel  heat,  the  charge  consisting  of  50  per  cent  haematite  pig  iron 
(4  per  cent,  carbon,  2  per  cent,  silicon)  and  60  per  cent,  scrap, 
the  first  point  to  be  observed  is  the  necessity  of  melting  down 
very  hot,  which  reduces  the  basicity  of  the  slag  formed  by  oxida- 
tion, &c.,  during  the  melting  period,  the  proportion  of  silica  to 
basic  oxides  composing  the  slag  being  a  function  of  the  tem- 
perature. When  the  charge  is  clear-melted,  the  addition  of  iron 
ore  should  never  be  commenced  until  the  melter  is  certain  that 
the  bath  is  sufficiently  hot.^ 

If  at  this  stage  a  sample  of  slag  be  taken  in  a  small  test-spoon 
and  the  fracture  examined,  whether  the  sample  has  been  quenched 
in  water  or  allowed  to  cool  in  the  air,  it  will  be  found  to  be  black 
or  bronze  in  colour,  with  a  metaUic  appearance  due  to  the  high 
percentage  of  basic  oxides  (FeO  and  MnO)  present,  and  the 
composition  will  be  approximately — SiOg  48  per  cent.,  MnO  16  per 
cent,  (depending  upon  the  percentage  of  manganese  in  the  charge), 
and  FeO  88  per  cent.  The  basicity  of  the  slag  depends  upon  the 
proportion  of  the  total  basic  oxides  to  the  acid  siUca,  but  as  the 
percentage  of  MnO,  once  established,  usually  only  changes  by 
steadily  decreasing  as  the  volume  of  slag  is  necessarily  increased 
by  the  additions  of  iron  ore,  it  is  therefore  the  proportion  of  FeO 
to  SiOg  (both  of  which  are  variable  to  a  considerable  extent 
according  to  the  working  of  the  charge),  to  which  attention  is 
chiefly  directed. 

"V^en  the  temperature  after  melting  is  quite  satisfactory, 
additions  of  iron  ore  can  be  made  at  a  fairly  rapid  rate  without 
risk  of  cutting  the  furnace  hearth.  The  primary  object  being 
to  obtain  a  high  quaUty  of  steel  as  expeditiously  as  possible,  the 
bath  is  quickly  brought  to  the  **  boil  *'  by  continuous  ore  additions. 
It  is  essential  that  a  highly  siliceous  slag  be  formed  during  the 
oreing  period,  and  this  can  only  be  achieved  by  maintaining  the 
bath  at  a  high  temperature  throughout  the  whole  operation.  After 
the  "  boil "  has  been  obtained,  samples  of  slag  are  taken  and 

^  Optical  pyrometers  are  very  nsefal  for  controlling  famace  bath  temperatoreB,  and  the 
premature  addition  of  iron  ore  can  be  prevented  if  a  satisfactory  pyrometrical  reading  of  the 
surface  of  the  bath  is  obtained  (while  the  gas  is  absent  during  the  reversing  period )»  before 
tht  addition  of  iron  ore  is  commenced. 
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fractured  at  intervals  between  periods  of  steady  ore  additions, 
and  it  is  observed  that  as  the  SiO,  increases  and  FeO  consequently 
decreases  in  the  slag,  the  fractures  become  lighter  in  colour.  The 
steadily  increasing  acidity  of  the  slag  can  also  be  discerned  by  the 
appearance  of  the  "  boil "  in  the  furnace,  for  the  slag  becomes 
more  and  more  viscous,  whereas  it  is  thin  and  mobile  when  the 
slag  contains  a  high  percentage  of  FeO. 

Spoon  samples  of  metal  are  also  taken  periodically,  and  if 
a  reasonable  amount  of  **  stewing  "  has  been  allowed  after  each 
ore  addition,  with  the  bath  kept  consistently  at  as  high  a  tem- 
perature as  the  refractories  of  the  furnace  will  allow,  the  samples 
will  become  more  or  less  riddled  with  holes,  and  the  slag  covering 
the  metal  is  seen  to  rise  in  the  spoon  owing  to  the  escape  of  gas. 
This  is  a  true  indication  that  a  stage  has  been  reached  when  the 
slag  has  become  so  highly  siliceous  that  there  is  an  excess  of  SiO^ 
above  that  required  to  satisfy  the  reduced  amount  of  basic  oxides 
present.  Consequently  this  excess  SiO,,  once  free  from  com- 
bination with  the  basic  oxides,  begins  to  be  reduced  by  the  iron, 
the  silicon  passing  into  the  metal,  and  the  oxygen  liberated  from 
the  SiOj  perforating  the  metal  samples,  thus  : 

SiOg  +  Fe  «  FeSi  +  O, 

In  the  furnace  bath,  where  the  slag  is  only  in  contact  with  the 
surface  of  the  molten  metal,  the  oxygen  will  escape  from  the  silica 
reduced  without  passing  through  the  metal. 

The  author  here  ventures  to  disagree  with  several  authorities  ^ 
who  have  stated  that  it  is  the  carbon  which  effects  the  reduction 
of  the  silica  according  to  the  equation : 

SiO.  +  2C  -  Si  +  200 

It  is  the  author's  opinion  that  iron  must  be  a  far  more  powerful  re- 
ducing agent  than  carbon,  for  iron  is  always  present  in  great  excess, 
and  it  is  an  established  fact  that  oxygen  has  a  greater  affinity 
for  silicon  than  for  carbon  in  the  open-hearth  furnace,  this  being 
the  basis  of  the  acid  process,  therefore  it  seems  highly  improbable 
that  carbon  will  displace  oxygen  from  combination  with  silicon 
at  the  furnace  temperature.    For  carbon  to  reduce  silica  accord- 

1  E.g.  H.  H.  Campbell  in  "  The  Manofaoture  and  Properties  of  Straotoral  Steel/*  1806 
edition,  p.  130,  and  f.  £.  Stead  in  his  contribution  to  the  diBcnsBion  on  *'  The  Elimination 
of  Silicon  in  the  Aoid  Open-Hearth  *'  by  Ho  William  ai|d  Hatfield,  Jowrj^  of  Ike  Ircf 
and  8ted  IntiUuU,  1902,  o .  I.  p.  73. 

1919— i.  n 
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ing  to  the  preceding  equation,  it  is  easily  calculated  that  there 
must  be'a  loss  of  0*06  per  cent,  carbon  from  the  metal  for  each 
gain  of  0*07  per  cent,  silicon  from  the  slag,  and  yet  analyses  have 
proved  to  the  author  that  the  reduction  of  silica  has  frequently 
occurred  to  such  an  extent  that  the  percentage  of  silicon  passed 
into  the  metal  from  the  slag  has  exceeded  0*10  per  cent,  whilst 
the  carbon  in  the  bath  has  not  fallen  more  than  0*03  per  cent. 
In  fact,  he  has  always  found  the  loss  of  carbon  to  have  been  less 
than  normal  whenever  there  has  been  a  considerable  gain  of 
silicon  from  the  slag,  for  whatever  be  the  true  reaction  it  is 
obvious  that  for  siUca  to  be  reduced  at  all,  the  amount  of  oxygen 
dissolved  in  the  metal  must  have  reached  a  minimum  ;  therefore 
it  can  only  be  by  atmospheric  oxidation  effected  by  the  action 
of  the  furnace  gases  that  the  carbon  is  removed  when  the  metal 
is  free  from  dissolved  FeO.  Fe  in  the  absence  of  dissolved 
oxygen  is  also  liable  to  reduce  some  of  the  siUca  of  the  hearth, 
particularly  when  the  hearth  has  been  newly  sanded,  the  silicon 
passed  into  the  metal  being  again  oxidised  by  the  subsequent 
addition  of  iron  ore,  thus  causing  an  increase  in  the  silica  content 
of  the  slag. 

When,  and  not  until,  the  reduction  of  silica  occurs  as  indicated 
by  the  holes  in  the  metal  samples,  limestone  is  carefully  added 
with  the  next  ore  addition.  The  addition  of  limestone  at  this 
stage  prevents  the  reduction  of  SiO,  from  the  slag,  as  the  CaO  pro- 
vides a  new  base  for  the  excess  SiO„  the  two  compounds  forming 
a  lime  silicate  (CaO,  SiOj)  in  the  slag.  The  iron  ore  (FejOj) 
directly  attacks  the  carbon,  whereas  if  the  lime  addition  is  omitted, 
so  much  of  the  oxide  of  iron  will  be  required  to  oxidise  the  silicon 
passed  into  the  metal,  and  to  provide  a  base  for  the  excess  SiO^ 
in  the  slag.  After  the  addition  of  sufficient  limestone  the  holes 
soon  disappear  from  the  metal  samples,  and  the  melter  is  enabled 
to  obtain  a  sound  sample,  by  the  fracture  of  which  he  can  more 
easily  judge  the  carbon  content  of  the  metal.  The  addition  of 
limestone  also  increases  the  fluidity  of  the  slag,  which  would 
otherwise  become  too  viscous  with  such  a  high  silica  content. 

Each  time  that  holes  occur  in  the  metal  samples  a  little  more 
limestone  is  added  with  the  next  ore  addition,  and  the  addition 
of  ore  can  be  fairly  rapid  whenever  the  holes  appear  in  the  samples, 
80  long  as  the  carbon  in  the  metal  is  well  above  that  at  which  it 
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is  desired  to  tap  the  furnace.  The  practice  of  some  melters  is 
to  lower  the  temperature  of  the  bath  by  turning  o£f  some  of  the 
gas  for  a  short  time  whenever  the  samples  become  riddled  with 
holes,  or  the  slag  becomes  too  viscous  owing  to  a  high  siUca 
content.  The  reduced  temperature  of  the  bath  facihtates  the 
oxidation  of  Fe  from  the  metal,  thus  effecting  an  increase  of  FeO 
in  the  slag.  This  procedure,  however,  is  very  unsatisfactory,  as 
it  is  not  always  possible  for  a  melter  to  control  the  temperature 
of  his  furnace  bath  to  such  a  fine  point  that  just  sufficient  FeO 
is  taken  up  by  the  slag  to  combine  with  the  excess  SiO„  and 
the  lowering  of  the  temperature  may  easily  be  overdone  to  such 
an  extent  that  the  slag  becomes  highly  basic  with  FeO,  with  its 
consequent  undesirable  results,  whereas  a  melter  can  judge  very 
accurately  by  practice  how  much  limestone  is  required  to  "  clear  " 
his  samples.  The  practice  of  varying  the  temperature  also  greatly 
endangers  the  Ufe  of  the  furnace. 

The  addition  of  cold  scrap  to  the  bath  will  also  prevent  the 
reduction  of  SiO,  by  lowering  the  temperature  of  the  bath. 
Rogers  ^  has  referred  to  the  use  of  scrap  for  obtaining  a  properly 
"  dead-melted "  condition  when  the  metal  has  become  over- 
oxidised  by  excessive  temperature.  The  present  author  has  never 
known  the  metal  to  become  **  wild  '*  owing  to  the  appUcation  of 
too  much  heat,  and  it  is  his  opinion  that  most  probably  the 
samples  **  Ufted  "  in  the  spoon  owing  to  the  reduction  of  SiOg,  this 
being  mistaken  for  wildness.  The  addition  of  scrap,  by  chilling 
the  bath,  has  caused  the  reaction  to  cease. 

After  the  addition  of  limestone  has  been  commenced,  the 
presence  of  CaO  can  be  discerned  in  the  slag  samples,  the  fractures 
showing  a  green  coloration.  This  green  colour  is  more  pronounced 
in  a  slag  which  has  been  quenched  in  water  than  in  one  which  has 
been  allowed  to  cool  in  the  air.  As  more  and  more  limestone  is 
added,  the  quenched  slag  assumes  a  Ught  green  colour,  corre- 
sponding to  a  light  greyish-green  colour  in  the  air-cooled  sample. 
When  these  colorations  have  been  obtained,  the  addition  of 
limestone  is  discontinued  and  only  iron  ore  added,  for  the  presence 
of  too  much  CaO  would  prevent  any  further  reduction  of  SiOj 
from  the  slag,  required  at  the  end  of  the  process.  When  it  is 
judged  by  the  fracture  of  the  metal  samples,  or  by  carbon  deter- 

}  Jountal  of  au  Iron  and  Sied  InsHtuU,  1917,  Na  n.  p.  18S. 
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minations,  that  the  carbon  content  of  the  metal  is  nearing  the 
percentage  at  which  the  finishing  additions  are  to  be  made,  the 
addition  of  iron  ore  is  discontinued,  and  the  bath  is  allowed  to 
''  stew/'  mitil  the  appearance  of  holes  in  the  metal  samples 
again  shows  that  Si02  is  being  reduced  from  the  slag  at  a  little 
above  the  desired  carbon  percentage,  when  a  final  addition  of 
limestone  is  cautiously  made.  Only  just  sufficient  is  added  to 
provide  the  CaO  necessary  to  combine  with  the  excess  SiOg,  the 
limestone  being  added  a  Uttle  at  a  time  until  perfect  equiUbrium 
between  the  slag  and  the  metal  is  obtained. 

The  fracture  of  the  quenched  slag  at  the  end  of  the  process 
should  be  of  a  Ught  green  colour,  with  a  sub- vitreous  lustre,  whilst 
the  fracture  of  the  air-cooled  slag  should  be  light  greyish-green, 
with  Ught  green  edges  where  the  slag  has  cooled  more  rapidly  than 
the  interior,  the  air-cooled  slag  possessing  a  very  tough  stony 
texture.    An  analysis  of  the  slag  will  be  approximately  : 


SiO.. 

FoO. 

GaO  and  MgO. 

MnO. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

68 

21 

6 

12 

For  equilibrium  to  be  obtained  it  is  essential  that  the  metal 
be  thoroughly  deoxidised,  and  all  reaction  between  the  slag 
and  metal  must  cease.  This  condition  is  only  indicated  by  the 
appearance  of  the  metal  samples,  which  show  clearly  the  degree 
of  deoxidation  of  the  metal,  for  the  slightest  reaction  occurring 
can  be  easily  discerned  by  an  examination  of  the  upper  surface 
of  the  samples,  when  no  reaction  is  apparent  in  the  test-spoon. 
When  true  equilibrium,  or  in  other  words  an  absolutely  **  dead- 
melted  "  condition  of  the  bath,  is  acquired,  the  metal  samples 
will  be  found  to  be  perfectly  sound  in  every  detail,  the  Umit  of 
deoxidation  of  the  metal  having  been  reached  when  it  is  observed 
that  the  skin  of  the  sample  shows  rippled  marks  on  the  upper 
surface,  caused  by  the  surface  tension  of  the  liquid  metal.  C. 
Johns  ^  was  the  first  to  point  out  that  this  surface  tension  phe- 
nomenon is  the  most  valuable  indicator  of  the  purity  of  the  molten 
metal,  for,  as  in  other  liquids,  the  degree  of  the  surface  tension  is 
decreased  by  the  presence  of  certain  impurities,  so  these  surface 
tension  ripples  never  occur  when  any  appreciable  amount  of  FeO 
remains  dissolved  in  the  metah 


1  Journal  of  tlU  Iron  and  StuL  IntHiuU,  1917,  No.  II.  p.  194. 
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Although  the  metal  must  be  in  a  highly  deoxidised  condition 
before  equilibrium  can  be  attained,  yet  it  often  occurs  that 
whilst  the  metal  is  thoroughly  deoxidised,  equilibrium  of  the  bath 
does  not  take  place  owing  to  the  reduction  of  silica  from  the  slag. 
Thus  metal  samples  will  be  obtained  showing  surface  tension 
ripples  on  the  upper  surface,  and  having  deep  holes  in  the  under 
surface  due  to  the  pressure  of  the  oxygen  escaping  from  the  Si02 
upon  reduction.  The  addition  of  a  little  hmestone  to  the  bath 
will  soon  cause  the  holes  to  disappear  from  the  samples,  and  as 
soon  as  the  samples  become  quite  sound  (whilst  the  skin  of  the 
upper  surface  is  ripi^ed)  a  perfectly  "  dead-melted  "  condition  of 
the  bath  is  obtained.  Different  stages  of  oxidation  are  clearly 
indicated  on  the  upper  surface  of  the  metal  samples.  The  nearest 
approach  to  the  ideal  sample  showing  surface  tension  ripples 
is  one  which  is  quite  smooth  on  the  upper  surface.  Then  follows 
the  sample  which  is  slightly  sunken,  and  shows  signs  of  dendritic 
crystallisation  due  to  a  slight  reaction  taking  place  in  the 
test-spoon.  This  class  of  sample  is  obtained  when  there  is  a 
Uttle  FeO  present  in  the  metal  owing  to  slightly  excessive  lime- 
stone or  ore  additions.  There  are  various  quaUties  of  samples 
below  this  category,  but  the  examples  given  serve  to  illustrate 
the  author's  meaning. 

By  the  foregoing  procedure  it  is  possible  to  obtain  a  perfectly 
**  dead-melted  "  condition  at  any  carbon  content  of  the  bath. 
As  the  attainment  of  equilibrium  can  only  be  temporary,  as  soon 
as  this  condition  is  obtained  and  the  percentage  of  carbon  in 
the  bath  is  satisfactory,  the  usual  finishing  additions  should 
therefore  be  made  to  the  bath  during  the  final  carbon  determina- 
tiou;  and  the  furnace  quickly  tapped,  and  any  further  manganese, 
silicon,  or  anthracite  coal  additions  made  to  the  ladle  after 
tapping. 

A  good  casting  temperature  is  ensured  by  this  method,  for 
the  steel  is  always  hot  enough  to  cast  if  the  bath  is  hot  enough  to 
cause  the  reduction  of  SiOg  from  the  slag,  whereas  it  is  possible 
to  obtain  sound  samples  by  "  killing  "  an  oxidised  bath  with 
additions  of  silicon  or  manganese  (or  both),  even  though  the 
steel  be  too  **  cold  "  to  cast. 

The  additions  of  limestone  during  the  early  stages  of  the 
operation  as  described,  are  only  necessary  when  a  good  quality 


Digitized  by 


Googk 


YANB8KE  :    DBOXIDATION,  AND  THE  INFLUBNOB  OF  LIMB 

of  hflBmatite  iron  ore  is  used  containing  a  low  percentage  (usually 
less  than  1*5  per  cent.)  of  CaO  and  MgO  (which  acts  similarly  to 
CaO).  If  an  iron  ore  be  used  which  contains  a  high  percentage 
of  CaO,  such  as  some  quaUties  of  Spanish  ores,  the  CaO  of  which 
may  average  over  6  per  cent.,  the  slag  fractures  very  soon  become 
green,  as  the  ore  itself  adds  sufficient  lime  to  yield  a  green  colora- 
tion. When  it  is  seen  that  the  slag  is  becoming  Ught  green  with 
only  ore  additions,  limestone  should  only  be  added  at  the  gid 
of  the  operation  when  holes  appear  in  the  metal  samples  after 
the  final  **  stewing  "  of  the  bath. 

When  making  nickel-chrome  steels,  nickel-chrome  scrap 
having  been  charged,  the  same  procedure  as  described  for  carbon 
steels  is  followed,  but  darker  coloured  slags  are  obtained  owing 
to  the  presence  of  Cr^Os  in  the  slag. 

Thb  Effeot  of  an  Excessive  Addition  of  Lime. 

The  addition  of  lime  in  excess  is  sometimes  due  to  the  fact 
that  too  much  faith  is  placed  in  the  appUcation  of  the  physico- 
chemical  partition  law  which  indicates  that  with  a  constant 
temperature  the  ratio  of  the  concentration  of  FeO  in  the  metal 
to  the  FeO  in  the  slag  is  constant,  and  that  therefore  the  lower 
the  percentage  of  FeO  in  the  slag,  the  lower  the  percentage  of 
FeO  in  the  metal.  Limestone  is  therefore  added  in  consider- 
able quantities  during  the  working  of  a  charge  with  the  object 
of  steadily  decreasing  the  concentration  of  FeO  in  the  slag,  so 
that  by  the  end  of  the  process  the  slag  will  contain  a  very  low 
percentage  of  FeO,  and  a  correspondingly  low  concentration  of 
FeO  in  the  metal  is  expected. 

The  addition  of  any  CaO  beyond  that  which  may  be  required 
to  satisfy  any  excess  SiO^  of  the  slag  as  previously  described  in 
the  paper,  results  in  the  displacement  of  some  FeO  from  the  slag. 
The  slag  consists  of  a  solution  of  (B)0  silicates,  the  siUca  being 
divided  between  the  bases  according  to  the  proportion  in  which 
they  occur  in  the  slag.^  The  further  addition  of  the  base  CaO 
combines  with  its  equivalent  of  SiOj,  which  has  a  greater  affinity 
for  CaO  than  for  FeO,  due  to  the  fact  that  the  iron  of  the  metal 

1  Vide  C.  JohnB'  oontribution  to  the  disoiudon  on  Rogen'  paper,  Jcwmai  of  tiu  Iran  and 
8Ud  IiuHiuU,  1917,  No.  H.  p.  193. 
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possesses  a  great  tendency  to  dissolve  its  own  oxide,  whereas  it 
is  only  possible  for  CaO  to  be  dissolved  into  the  slag.  The  FeO 
expelled  from  the  slag  passes  into  the  metal,  and  equilibrium  is 
not  attained  until  this  FeO  is  reduced  by  the  carbon  of  the 
metal,  thus  ^ : 

(2FeO,  SiO,)  +  CaO  -  (CaO,  SiO.)  +2FeO 
FeO  +  C  -  Fe  +  CO 

Whilst,  then,  it  is  preferable  to  replace  some  of  the  FeO  by 
CaO,  this  should  only  be  carried  out  to  the  extent  of  equilibrium 
being  restored  by  the  carbon  of  the  metal  reducing  all  the  FeO 
displaced  from  the  slag,  before  the  percentage  of  carbon  is  reached 
at  which  it  is  desired  to  tap  the  furnace.  If,  therefore,  a  melter 
adds  a  little  excess  limestone  beyond  that  required  to  clear  his 
metal  samples  of  holes  during  the  early  stages  of  the  process,  no 
harm  ensues  while  the  carbon  in  the  bath  is  well  up,  but  at  the 
end  of  the  process  great  care  should  be  exercised  that  the  lime- 
stone addition  required  is  not  exceeded. 

When  the  metal  samples  at  the  end  of  the  operation  show  the 
presence  of  a  little  dissolved  FeO  due  either  to  slightly  excessive 
limestone  or  ore  additions,  sound  samples  can  soon  be  obtained 
if  a  little  siliceous  pig  iron  be  allowed  to  melt  on  the  banks  of  the 
hearth  and  run  into  the  slag,  but  it  is  always  preferable  to  avoid 
the  necessity  for  this  adjustment. 

If  limestone  be  incautiously  added  during  the  working  of  a 
charge,  the  slag  may  contain  such  a  high  percentage  of  CaO  that 
it  is  very  difficult,  and  sometimes  impossible,  to  get  it  into  such 
a  condition  that  SiO^  begins  to  be  reduced,  even  after  lengthy 
**  stewing  "  of  the  bath,  for  the  occurrence  of  this  reaction  is 
prevented,  first,  by  the  displacement  of  FeO  from  the  slag  into 
the  metal,  and  secondly,  by  the  demand  of  the  excessive  amount 
of  CaO  present  for  SiO,  which  it  will  obtain  by  attacking  the 
furnace  hearth  at  the  slag  level. 

The  presence  of  a  high  percentage  of  CaO  in  the  slag  can 
always  be  discerned  by  an  examination  of  the  slag  fractures.  At 
the  end  of  the  process  described  by  the  author,  the  slag  obtained 
is  light  green  with  a  sub- vitreous  lustre  for  the  quenched  sample, 
and  light  greyish-green  with  a  stony  texture  for  the  air-cooled 

^  MoCanoe  has  shown  in  his  admirable  paper  on  "  Non-Metallio  InolnsionB  in  Stoel/' 
Journal  of  the  Iron  and  Steel  JnsiituU,  1918,  No.  I.  p.  266,  that  the  iron  moat  probably  exiata 
in  the  slag  aa  fayalite  (2FeO,  SiO,)  and  the  manganese  as  rhodonite  (MnO  SiO|). 
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sample,  the  percentage  of  GaO  and  MgO  in  the  slag  being  about 
5  per  cent.  When  the  percentage  of  these  bases  is  in  the  proximity 
of  7  to  10  per  cent,  and  the  silica  55  to  58  per  cent.,  both  the 
quenched  and  air-cooled  slag  samples  assume  a  bottle-green 
colour  with  a  more  vitreous  lustre,  and  a  slag  containing  about 
10  per  cent.  CaO  and  55  per  cent.  SiOj  possesses  the  property 
of  being  drawn  out,  whilst  molten,  into  threads  like  glass  wool. 
Threads  of  such  slag  have' been  observed  by  the  author  to  stretch 
from  the  furnace  to  the  water-bosh,  a  distance  of  several  feet, 
slag  adhering  to  the  test-spoon  having  been  drawn  out  as  the 
sampler  has  carried  the  spoon  away  from  the  furnace.  When- 
ever it  is  observed  that  the  air-cooled  slag  sample  is  green  as  well 
as  the  quenched  sample,  difficulty  is  usually  experienced  in  obtain- 
ing the  reduction  of  SiOj  from  the  slag  as  desired  by  the  author 
at  the  end  of  the  process. 

Many  cases  are  known  to  the  author  where  such  large  amounts 
of  limestone  have  been  added  to  the  bath,  that,  in  addition  to 
the  CaO  having  seriously  damaged  the  furnace  banks,  the  FeO 
expelled  from  the  slag  has  not  nearly  been  reduced  by  the  carbon 
of  the  bath,  even  after  many  hours  "  stewing  "  down  to  about 
O'lO  per  cent,  carbon  without  ore  additions.  In  such  cases,  when 
samples  of  metal  are  taken  from  the  bath,  the  slag  in  the  spoon 
is  seen  to  rise  owing  to  the  escape  of  CO  from  the  metal,  leaving 
a  space  between  the  slag  and  the  upper  surface  of  the  metal, 
and  the  metal  samples  are  badly  **  nibbled  "  round  the  sides  and 
on  the  upper  surface  owing  to  the  energetic  reaction  between  the 
dissolved  PeO  and  the  carbon  in  the  metal.  These  marks  are 
easily  distinguishable  from  the  holes  caused  by  the  reduction 
of  SiO„  which  always  appear  on  the  under  surface  of  the  sample 
first. 

It  may  happen  that  the  presence  of  such  an  excess  of  CaO 
in  the  slag  is  not  entirely  due  to  the  addition  of  limestone,  but 
to  the  use  of  an  iron  ore  containing  a  very  high  percentage  of 
CaO,  such  as  10  per  cent,  or  over,  or  to  the  addition  of  basic  slag 
in  error  which  sometimes  occurs  in  steelworks  where  both  basic 
and  acid  furnaces  are  in  operation. 

If  the  bath  be  "  stewed  "  for  lengthy  periods  when  there  is 
an  excessive  amount  of  CaO  present  in  the  slag,  it  is  possible  to 
obtain  a  slag  very  high  in  SiO,  and  low  in  PeO,  which  according 
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to  some  steel-makers  is  all  that  is  desired,  and  yet  the  metal 
samples  will  be  very  poor,  being  badly  "nibbled."  When  a 
sample  of  such  slag  containing  both  high  percentages  of  CaO 
and  SiOa  {e.g.  10  per  cent.  CaO  and  62  per  cent.  SiO,)  is  taken 
and  fractured,  whether  it  has  been  air-cooled  or  quenched  in 
water,  it  will  be  found  to  be  very  brittle,  and  to  have  a  brown  or 
yellow  colour,  with  a  vitreous  lustre,  in  contrast  with  the  bottle- 
green  colour  obtained  with  such  a  high  percentage  of  CaO  but 
a  lower  percentage  of  SiOg,  the  fractured  surface  of  the  slag 
always  being  very  shiny  when  there  is  a  high  percentage  of  CaO 
and  MgO  in  the  slag,  and  the  lustre  of  the  quenched  slags  is  of 
a  higher  degree  of  intensity  than  the  lustre  of  the  air-cooled  slags. 
Contrary  to  the  statements  of  some  writers  that  the  continued 
addition  of  limestone  consistently  causes  the  slag  to  become  more 
and  more  mobile,  this  is  only  true  when  the  SiOg  content  of  the 
slag  does  not  exceed  58  per  cent.,  for  if  60  per  cent,  or  njiore  SiOj 
be  present,  a  stage  appears  to  have  been  reached  when  the  slag 
loses  its  mobility  no  matter  how  much  CaO  is  added.  Kilby  ^ 
has  alluded  to  slags  containing  60  to  62  per  cent.  SiO^  and  about 
10  per  cent.  CaO  as  being  in  a  fairly  mobile  condition,  but  it  is 
the  present  author's  experience  that  when  a  slag  of  such  composi- 
tion is  obtained  it  is  not  at  all  mobile,  but  has  a  very  pasty 
appearance  in  the  furnace,  and  it  is  very  difficult  to  estabUsh 
equilibrium  in  the  bath  so  as  to  obtain  sound  metal  samples. 

The  following  is  an  analysis  of  a  very  siliceous  slag  containing 
a  high  percentage  of  CaO,  in  the  presence  of  which  consider- 
able difficulty  was  experienced  in  obtaining  satisfactory  metal 
samples : 

Per  Cent. 

SiO, 61-40 

FeO 1900 

MnO 700 

CaO 0-30 

MgO 0-86 

Cr.O, M4 

A1,0, 100 

This  slag  was  very  pasty  in  the  furnace,  and  the  fracture  was 
brownish-yellow,  with  a  vitreous  lustre.  The  metal  samples 
were  very  badly  "  nibbled,"  and  the  melter  had  unsuccessfully 
attempted  to  get  rid  of  the  marks  on  his  samples  by  allowing  the 

1  Jownal  of  the  Iron  and  Stul  InstiiuU,  1917»  No,  I.  p.  80^ 
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bath  to  "  stew  "  for  a  lengthy  period  without  ore,  the  carbon 
in  the  bath  being  about  0*15  per  cent,  when  the  slag  sample 
was  taken  for  analysis.  Good  samples  were  eventually  obtained 
by  recarburising  the  bath  with  pig  iron,  but  this  of  course  occa- 
sioned a  great  loss  of  time,  and  the  casting  temperature  of  the 
steel  was  below  normal  owing  to  the  very  pasty  nature  of  the 
slag. 

In  another  instance  when  a  pasty  slag  of  similar  composition 
was  obtained,  causing  defective  metal  samples,  instead  of  allowing 
the  bath  to  **  stew  *'  down,  good  haematite  iron  ore  was  added 
in  excess  for  the  purpose  of  increasing  the  percentage  of  FeO 
in  the  slag  by  oxidation  of  the  Fe  of  the  bath,  causing  loss  of  Fe 
from  the  metal,  thus  increasing  the  volume  of  slag  and  therefore 
decreasing  the  percentage  of  SiO,  and  CaO  in  the  slag.  This 
was  found  to  be  a  much,  better  method  of  dealing  with  such  a 
slag,  for  by  this  procedure  it  became  very  fluid.  The  metal 
was  then  recarburised  with  sufficient  pig  iron  to  reduce  the 
excess  of  FeO  in  the  metal,  while  the  slag  was  sufficiently  fluid 
after  recarburisation  to  prevent  any  difficulty  in  obtaining  the 
steel  hot  enough  to  ensure  a  good  casting  temperature.  The 
following  are  analyses  of  the  slag  before  and  after  the  addition 
of  excess  iron  ore,  the  carbon  in  the  bath  being  about  0*65  per 
cent,  and  0-08  per  cent,  respectively  when  the  slag  samples 
were  taken : 

Pasty  Slag.  Fluid  SU^. 

Per  Cent.  Per  Cent. 

SiO, 62-2  56-6 

FeO 16-1  23-8 

MnO 8-2  7-4 

CftO 10-7  0-75 

When  adding  limestone  it  should  always  be  remembered  that 
once  CaO  is  established  in  the  slag  it  cannot  be  removed,  and 
when  this  base  is  present  in  excess  it  is  only  by  increasing  the 
volume  of  the  slag  that  the  percentage  can  be  reduced.  This  can 
be  effected  by  the  addition  of  a  considerable  quantity  of  a  good 
quaUty  of  acid  slag  containing  a  low  percentage  of  CaO,  but  this 
procedure  would  cause  the  charge  to  become  practically  unwork- 
able owing  to  the  large  volume  of  slag  which  would  result. 

When  the  samples  are  defective  owing  to  excessive  Ume  addi- 
tions, sound  samples  can  be  temporarily  obtained  by  **  dosing  " 
the  bath  with  such  deoxidisers  as  ferro-silicon  or  silico-manganese. 
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This  expedient  may  give  satisfactory  results  for  some  classes  of 
steel,  but  the  finished  steel  would  most  probably  contain  an 
appreciable  amount  of  insoluble  silicates  as  a  result,  which  non- 
metallic  impurities  are  very  undesirable  in  steels  required  for 
special  purposes.  If  the  purpose  for  which  the  steel  is  required 
will  allow  such  additions  to  be  made  the  furnace  should  be 
tapped  as  soon  as  possible  after  the  samples  are  satisfactory, 
before  the  slag  has  time  to  react,  and  any  other  additions  of 
silicon  and  manganese  required  should  be  added  to  the  ladle. 
Otherwise,  it  will  not  be  long  before  the  reaction  of  the  slag 
causes  the  samples  to  become  almost  as  bad  as  they  were  before 
the  additions  were  made. 

Whenever  it  is  observed  that  the  slag  is  very  thin,  i.e.,  highly 
basic  with  FeO,  owing  to  the  furnace  having  been  maintained 
at  too  low  a  temperature  during  melting  or  whilst  oreing,  it  is 
foolish  for  a  workman  to  add  any  limestone  to  the  bath.  When 
such  a  slag  is  obtained  it  will  usually  tax  a  melter*s  skill  and 
patience  to  get  rid  of  the  great  excess  of  dissolved  FeO  from  the 
metal  so  as  to  get  the  bath  into  proper  condition  or  equilibrium, 
without  making  matters  worse  by  causing  the  slag  to  pass  more 
FeO  into  the  metal  as  a  result  of  the  addition  of  CaO  to  the 
slag.  If  the  slag  be  still  very  thin  at  the  end  of  the  process,  carbon, 
silicon,  and  manganese  losses  cannot  be  properly  controlled, 
owing  to  the  excessive  amount  of  dissolved  oxygen  in  the  metal, 
and  if  the  charge  be  tapped  under  such  conditions  and  normal 
finishing  additions  made  either  to  the  furnace  bath  or  in  the 
ladle,  the  percentage  of  these  elements  will  be  found  to  be  low 
in  the  '*  pit  "  sample,  and  if  the  silicon  be  very  low  **  blowholes  " 
may  result  in  the  ingots. 

When  a  very  mobile  slag  highly  basic  with  FeO  is  obtained 
and  there  is  insufficient  carbon  in  the  bath  to  effect  the  reduction 
of  the  excess  FeO  present  in  the  slag  and  metal,  equilibrium  can 
only  be  acquired  by  recarburising  the  bath  with  sufficient  hsBmatite 
pig  iron  to  reduce  the  excess  FeO,  both  the  carbon  and  silicon 
of  the  pig  iron  being  available  for  this  purpose.  The  advisability 
of  working  the  furnace  at  as  high  a  temperature  as  the  refractories 
will  withstand,  during  both  melting  and  oreing  periods,  cannot 
be  too  greatly  emphasised,  as  by  this  means  the  occurrence  of 
such  an  undesirable  slag  is  obviated. 
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The  presence  of  an  excess  of  lime  in  the  slag  may  sometimes 
be  due  to  the  melter  having  attempted  to  thin  a  **  dirty  '*  slag, 
caused  by  patches  of  sand  from  the  furnace  hearth,  or  by  the 
refractory  bricks  of  the  furnace  having  fused  and  run  into  the 
bath  owing  to  the  furnace  having  been  worked  at  an  excessive 
temperature.  The  employment  of  limestone  for  such  a  purpose 
is  useless,  for  the  lime  only  combines  with  the  slag  proper,  and  has 
no  effect  on  the  foreign  siliceous  matter  which  rests  on  the  surface 
of  the  real  slag.  Instead  of  adding  limestone,  the  slag  should  be 
cleaned  by  the  workmen  raking  off  as  much  of  the  siliceous 
matter  as  possible. 

Conclusion. 

Whilst  the  author  admits  that  for  certain  classes  of  steel 
such  as  that  required  for  ship  and  similar  plates,  it  is  unneces- 
sary to  obtain  a  very  highly  deoxidised  bath,  yet  for  special 
steels  (particularly  nickel-chrome)  which  have  to  undergo  severe 
mechanical  tests,  forging  and  machining  operations,  it  is  really 
essential  that  such  a  condition  of  the  bath  be  obtained  before 
the  finishing  alloys  are  added. 

One  of  the  chief  causes  of  flaws  observed  in  the  manufacture 
of  certain  steel  articles  is  the  presence  in  the  steel  of  segregations 
of  non-metallic  inclusions,  the  majority  of  which  consist  of  a 
mixture  of  silicates  of  iron  and  manganese  (often  with  manganese 
sulphide)  in  solution.  These  silicates  are  chiefly  formed  by  the 
addition  of  the  deoxidisers  silicon  and  manganese  to  a  steel 
containing  an  appreciable  quantity  of  dissolved  oxygen  as  PeO  ^ 
(and  CO),  hence  the  desirability  of  procuring  a  well  deoxidised 
bath  before  the  addition  of  the  deoxidising  alloys,  instead  of  rely- 
ing on  the  addition  of  the  alloys  to  effect  deoxidation. 

It  is  comparatively  easy  to  control  silicon  by  the  judicious 
use  of  limestone  as  described  in  the  paper.  If,  instead  of  adding 
limestone  to  obtain  equilibrium,  the  furnace  be  tapped  whilst  the 
metal  samples  are  showing  holes,  and  the  normal  silicon  additions 
are  made,  the  percentage  of  silicon  in  the  finished  steel  will  be 
found  to  be  high.     The  proof  is  here  furnished  that  silicon  at 

^  The  hjrpotliesis  that  dlBsolyed  FeO  was  the  main  cause  of  the  formation  of  these  inda- 
sions  was  first  propounded  by  a  Johns,  Journal  of  the  Society  of  Chemical  /tufiMtry,  April  30, 
1918,  and  later  corroborated  by  McCance,  Journal  of  the  Iron  and  Steel  Institute,  1018,  No.  L 
p.  284. 
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this  stage  is  being  abstracted  from  the  silica  of  the  slag,  for 
when  holes  appear  in  the  metal  samples  it  often  occurs  that  much 
more  silicon  is  found  in  the  finished  steel  than  is  known  to  have 
been  added,  after  allowing  for  the  usual  residual  silicon  in  the 
metal. 

By  consistently  obtaining  the  same  high  degree  of  deoxidation 
with  perfect  equilibrium  in  the  bath  at  the  end  of  the  process 
described  by  the  author,  there  is  always  a  minimum  oxidation 
loss  from  the  finishing  alloys,  and  the  analyses  of  the  finished 
steels  are  consequently  more  constant  than  if  varying  oxidised 
conditions  of  the  bath  are  successively  obtained  as  in  many 
methods  of  working,  and  deoxidisers  then  relied  upon  to  remove 
the  varying  excess  of  dissolved  oxygen.  The  loss  of  manganese 
and  silicon  in  the  ladle  measures  the  degree  of  oxidation  of  the 
metal  when  tapped,  and  if  a  great  excess  of  dissolved  oxygen  be 
present,  then  it  may  never  be  satisfied  by  the  deoxidising  elements. 
The  resultant  percentage  of  manganese  and  silicon  in  the  finished 
steel  will  be  very  low,  and  the  ingots  will  consequently  contain 
**  blowholes."  The  addition  of  aluminium  is  not  required  if 
the  bath  has  been  properly  **  dead-melted,"  for  this  deoxidiser 
can  only  replace  FeO  by  forming  infusible  particles  of  alumina 
(Al,03). 

It  is  a  well-known  fact  that  the  lower  the  carbon  in  the  bath, 
the  more  oxygen  is  liable  to  be  dissolved  in  the  metal,  as  the  carbon 
has  less  influence  in  removing  it.  As  a  result,  there  is  usually 
more  loss  on  manganese  and  silicon  additions  to  the  la^,  with 
a  low  carbon  bath  (say  0*10  per  cent,  carbon),  than  with  a  fairly 
high  one  (say  0*50  per  cent,  carbon),  and  it  is  also  more  difficult  to 
effect  the  reduction  of  SiOg  from  the  slag  when  the  bath  is  low 
in  carbon,  as  this  reaction  cannot  take  place  when  dissolved 
FeO  is  present  in  the  metal.  Therefore  it  is  not  advisable  to 
allow  the  bath  carbon  to  become  much  lower  than  is  rendered 
necessary  by  the  percentage  of  carbon  required  in  the  finished 
steel,  of  course  allowing  for  the  carbon  added  by  the  finishing 
alloys. 

The  metal,  however,  can  be  obtained  in  a  perfectly  **  dead- 
melted  "  condition  at  0*10  to  0*15  per  cent,  carbon  quite  success- 
fully, if  the  bath  be  allowed  sufficient  "  stewing  "  after  the  last 
ore  addition  to  cause  holes  to  appear  in  the  samples,  when  a  very 
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cautious  addition  of  limestone  can  be  made  quite  safely,  just 
sufficient  being  added  to  obtain  perfectly  sound  metal  samples. 

The  practice  of  taking  the  bath  down  to  a  low  carbon  content 
and  then  recarburising  with  pig  iron,  is  a  mere  waste  .of  time, 
unless  the  presence  of  a  highly  basic  slag  or  other  unforeseen 
circumstances  have  rendered  this  procedure  necessary,  for  even 
though  a  **  dead-melted  "  condition  was  obtained  before  "  pigging- 
back,"  equilibrium  relations  between  the  slag  and  the  metal 
require  readjustment  after  the  pig  iron  addition.  When  it  has 
been  found  necessary  to  recarburise  with  pig  iron  and  the  bath 
was  in  proper  condition  previously,  equilibrium  is  best  restored 
by  the  addition  of  limestone  to  provide  a  base  for  the  increased 
SiOg  content  of  the  slag,  thus  preventing  the  reduction  of  sihca 
from  the  slag  which  would  otherwise  occur.  If  a  lower  percentage 
of  silicon  be  required  in  the  finished  steel  than  is  expected  from 
the  pig  iron  addition,  the  addition  of  sufficient  excess  limestone 
is. essential  to  keep  down  the  siUcon  in  the'  steel  after  recarburisa- 
tion.  The  PeO  displaced  (by  the  excess  CaO  added)  from  the 
slag  into  the  metal  containing  a  considerable  percentage  of 
silicon,  will  oxidise  some  of  the  sUicon  from  the  metal  in  preference 
to  carbon  until  the  bath  is  in  equiUbrium,  and  by  this  means  the 
percentage  of  silicon  in  the  metal  will  be  reduced,  thus : 

2FeO  +  Si  —  2Fe  +  SiOc. 
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COBBESPONDENCE. 

Dr.  F.  Rogers  (Sheffield)  wrote  that  he  agreed  in  general  respects 
with  the  author's  discussion  of  the  behaviour  of  lime  in  the  acid  slag, 
but  possibly  there  were  differences  in  some  details,  as,  for  example, 
in  regard  to  the  argument  that — "  If  a  melter  adds  a  little  excess 
limestone  beyond  that  required  to  clear  his  metal  samples  of  holes 
during  the  early  stages  of  the  process,  no  harm  ensues  while  the  carbon 
in  the  bath  is  well  up,  but  at  the  end  of  the  process  great  care  should 
be  exercised  that  the  limestone  addition  required  is  not  exceeded." 
He  (Dr.  Rogers)  considered  that  there  was  no  general  occasion  to  add 
lime  to  clear  the  sample  in  the  early  stages,  and  that  a  great  latitude 
was  permissible  in  the  late  lime  addition  (if  any).  The  author  appeared 
to  have  in  contemplation  "  holding  "  the  carbon — a  condition  liable 
to  be  accompanied  by  coldness — or  else  dead  melting  at  a  previously 
selected  carbon  content,  rather  than  in  accordance  with  actual  con- 
dition. Perhaps  the  author  was  not  allowing  nearly  enough  for  the 
influence  of  temperature,  as  was  apparent,  for  example,  on  page  261, 
and  again  in  the  remark  on  page  262  constituting  the  first  paragraph 
of  the  section  on  "  The  effect  of  an  excessive  addition  of  lime,"  a 
remark  which  the  author  did  not  justify,  owing  partly  to  his  ignoring 
the  fundamental  influence  of  temperature  in  that  particular  question 
of  the  equilibrium.  Metallurgists  were  fairly  agreed  as  to  the  reduction 
of  silicon,  established  in  McWilliam  and  Hatfield's  paper,  but  he 
hoped  presently  to  return  to  certain  aspects  of  that  subject.  His 
criticisms  would  not,  he  hoped,  detract  from  his  appreciation  of 
Mr.  Yaneske's  paper. 

Mr.  Yaneske  wrote  thanking  Dr.  Rogers  for  his  interesting 
remarks.  The  object  of  adding  limestone  in  the  manner  described  was 
not  specifically  to  clear  the  metal  samples  of  holes.  Limestone  should 
never  be  added  until  those  holes  occurred  in  the  samples.  They  indi- 
cated that  silica  was  being  reduced  from  the  slag,  so  that  by  the  addition 
of  lime  a  base  was  provided  for  the  excess  silica,  and  more  oxide  of 
iron  was  available  from  the  subsequent  iron  ore  additions  to  oxidise 
the  metalloids,  instead  of  being  partly  used  up  in  providing  the  FeO 
demanded  by  the  excess  SiO^  in  the  slag.  The  slag  was  thus  prevented 
from  taking  up  too  much  FeO,  CaO  being  substituted  for  the  former 
base.  The  clearing  of  the  samples  after  the  lime  additions  was  an 
indication  that  just  sufficient  lime  had  been  added  to  effect  the  desired 
object,  and  at  the  same  time  the  melter  had  a  much  better  idea  of  what 
the  carbon  percentage  was  by  the  fracture  of  a  solid  sample  than  in 
the  case  of  a  perforated  sample  by  which  he  was  liable  to  be  misled. 

If  a  highly  deoxidised  bath  were  required^  as  iq  the  mf^mif^ctnre 
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of  special  steels,  it  was  essential  that  the  slag  should  be  highly  siliceous 
and  contain  a  low  percentage  FeO.  It  was  so  easy  to  spoil  the  steel 
in  attempting  to  obtain  a  low  FeO  content  in  the  finishing  slag  by  the 
incautious  addition  of  lime  that  the  use  of  that  base  should  be  under  per- 
fect control,  and  he  did  not  agree  with  Dr.  Kogers  that  a  great  latitude 
was  permissible  in  the  late  lime  additions,  as  the  FeO  displaced  from 
the  slag  by  the  addition  of  excess  lime  had  to  be  reduced  by  the  carbon 
before  the  metal  could  be  obtained  as  free  as  possible  from  dissolved 
FeO.  Therefore  if  insufficient  carbon  were  present  in  the  metal  to 
efiect  complete  reduction  by  the  time  the  furnace  was  tapped,  the 
FeO  still  present  in  the  metal  could  only  be  reduced  by  the  deoxidising 
elements  in  tlie  finishing  alloys,  that  being  the  chief  cause  of  silicate 
inclusions  which  were  very  undesirable  in  high  grade  steels  required 
for  certain  purpopes. 

With  regard  to  Dr.  Rogers'  remarks  on  the  influence  of  temperature 
on  equilibrium  conditions,  he  (Mr.  Yaneske)  would  remind  him  that  the 
text  of  his  paper  was  based  upon  the  influence  of  lime  on  equilibrium, 
the  temperature  being  maintained  practically  constant.  The  fact  that 
the  attainment  of  equilibrium  was  dependent  primarily  upon  the 
temperature  had  been  kept  in  mind  throughout  the  paper,  for  he  had 
repeatedly  emphasised  the  necessity  of  working  the  furnace  at  a  con- 
sistently high  temperature  during  the  process.  Both  the  temperature 
and  equilibrium  conditions  were  always  indicated  by  the  appear- 
ance of  the  slag  in  the  furnace  and  of  the  slag  and  metal  samples. 
The  occurrence  of  holes  in  the  metal  samples  indicated  the  maximum 
temperature  required  for  the  process,  for  those  holes  never  occurred 
when  the  bath  was  below  the  temperature  required  to  produce  a 
highly  siliceous  slag  and  to  cause  the  subsequent  reduction  of  silica. 
If  the  temperature  of  the  bath  were  below  that  required  to  work  the 
process  in  the  manner  described,  lime  would  not  be  used,  so  that  the 
question  of  the  influence  of  temperature  had  no  bearing  on  the  dis- 
cussion in  which  the  influence  of  lime  on  equilibrium  was  considered. 
He  looked  forward  with  interest  to  the  result  of  Dr.  Rogers'  intended 
investigations  on  the  reduction  of  silica. 
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MACRO-ETCHING  AND  MACRO-PRINTING.i 

Bt  J.  C.  W.  HUMFREY,  B.A-,  M.So.,  M.Eno.   (SflBFriBLD). 

In  carrying  out  investigations  upon  specimens  of  steel,  with  a 
view  to  determining  either  their  suitability  for  any  given  purpose, 
or  the  causes  which  have  led  to  their  failure  in  use,  a  knowledge 
of  the  macrostructure  is  usually  as  essential  as  a  knowledge  of 
the  microstructure.  The  two  are  complementary,  the  former 
affording  information  as  to  the  history  in  the  ingot  mould  and 
during  forging,  while  the  latter  affords  information  as  to  thermal 
treatment  and  composition,  and  at  the  same  time  enables  the 
details  of  the  macrostructure  to  be  correctly  interpreted. 

The  macrostructure  of  a  cast  metal  is  essentially  due  to 
segregation  whilst  solidifying ;  and  it  is  convenient  to  consider 
such  segregation  to  be  of  two  kinds,  which  may  be  termed  major 
and  minor.  Both  are  the  result  of  the  well-known  phase  law 
governing  the  solidification  of  a  mixture  of  two  or  more  mutually 
soluble  constituents,  which  states  that  the  first  portions  to 
solidify  contain  an  excess  proportion  of  the  constituent  having 
the  higher  freezing  temperature,  while  the  last  portions  to  solidify 
contain  an  excess  of  the  constituents  having  the  lower  freezing 
temperature. 

Minor  segregation  is  due  to  differences  in  composition  which 
result  between  the  portions  of  any  individual  crystal  growing 
in  the  mass,  and  is  an  unavoidable  consequence  of  the  above- 
mentioned  law.  By  regulating  the  rate  of  cooling  through  the 
solidification  range,  the  number  of  centres  from  which  crys- 
tallisation starts,  and  hence  the  individual  crystal  size,  may 
be  largely  modified.  Each  individual  crystal,  however,  always 
tends  to  form  with  a  gradual  variation  in  composition  from 
nucleus  to  boundary.     Thus  whilst  minor  segregation  may  result 

1  Th«  subject-matter  of  this  paper  was  to  haTe  been  preeeoted  to  the  Institate  at  the 
Haj  Meeting,  1017»  bat  was  withheld  by  order  of  the  AdxmraltY  antil  the  conclusion  of 
hostilities.  In  the  meantime  it  has  been  communicated  confidentially  to  several  firms 
engaged  in  the  manufacture  of  munitions. 
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in  a  structure  which  is  macroscopic  or  microscopic,  it  can  never 
be  completely  eliminated  at  the  casting  stage. 

Major  segregation  is  due  to  the  diflSculty  of  ensuring  that 
solidification  shall  proceed  simultaneously  from  centres  regularly 
distributed  throughout  the  mass,  and  hence  that  the  average 
composition  of  each  crystal  shall  be  the  same.  In  practice 
the  heat  from  the  fluid  metal  has  to  be  removed  by  conduction 
through,  and  radiation  from,  the  walls  of  the  mould  ;  and  thus 
crystallisation  starts  from  these  walls,  and  may  be  complete  in 
places  adjoining  them,  before  it  has  even  commenced  in  places 
removed  from  them.  Aggregates  of  crystals  may  therefore 
be  formed  during  the  early  stages  of  solidification  having  an 
average"  composition  quite  different  from  that  of  other  aggregates 
formed  at  later  stages.  The  phenomena  of  major  segregation 
are  further  complicated  by  the  shrinkage  which  takes  place  on 
solidification,  and  by  the  evolution  of  gases. 

Three  of  the  elements  present  in  plain  carbon  steels  are  known 
to  be  especially  liable  to  segregate — viz.  carbon,  phosphorus, 
and  sulphur ;  the  phenomena  accompanying  the  segregation 
are,  however,  essentially  different  in  the  three  cases. 

Carbon  and  phosphorus  are  both  soluble  in  molten  iron  as 
carbide  and  phosphide  respectively ;  and,  if  below  certain  per- 
centages, are,  on  solidification,  still  retained  in  the  form  of  solid 
solution.  The  first  portions  of  the  steel  to  solidify  contain  a 
lower  percentage  ot  both  elements  than  the  average,  while  the 
last  portions  contain  a  higher  percentage. 

After  solidification  is  complete  there  is  a  range  of  temperature 
down  to  Arl,  in  which  carbide  is  readily  able  to  diffuse.  As  a 
result  of  this  diffusion,  unless  the  rate  of  cooling  is  particularly 
rapid,  the  minor  segregates  of  carbon  formed  on  solidification 
(i.e.  those  occurring  between  different  portions  of  individual 
crystals)  are  more  or  less  obUterated.  During  the  critical 
range  an  entire  recrystallisation  takes  place,  the  carbide  is  finally 
thrown  out  of  solution,  and  the  individuality  of  the  crystals 
formed  on  solidification  is  entirely  lost, 

Iron^'phosphide,  on  the  contrary,  appears  to  have  a  very  slow 
rate  of  diffusion,  except  at  temperatures  just  below  those  of 
complete  solidification ;  the  segregates  of  phosphide,  whether 
major  or  minor,  appear  to  remain  in  situ,  not  only  during  the 
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original  cooling,  but  during  all  subsequent  heatings  and  coolings, 
unless  the  temperature  attained  is  but  little  short  of  that  of 
incipient  fusion.  During  the  critical  range,  when  the  solid  solution 
of  carbide  is  separating  into  its  constituents,  it  would  appear 
that  the  carbide  tends  to  concentrate  in  the  areas  low  in  phos- 
phorus, which  originally  also  contained  least  carbide,  and  thus 
partially  to  reverse  the  segregations  of  carbide  formed  on  solidi- 
fication :  the  action  is,  however,  prevented  by  quick  cooling 
through  the  critical  range.  The  segregates  of  phosphorus  are 
not  affected  by  the  recrystallisation  during  the  critical  range, 
and  remain  as  pseudomorphs  of  the  original  dendritic  crj^stals 
formed  on  solidification. 

Sulphur,  in  the  presence  of  suflScient  manganese,  is  found  in 
steel  in  the  form  of  pale  grey-coloured  globules,  which  consist 
largely,  if  not  completely,  of  sulphide  of  manganese.  Evidence 
at  present  available  points  to  the  conclusion  that  this  sulphide 
is  insoluble  both  in  solid  steel,  and  at  least  for  a  certain  range 
above  the  melting  point  of  steel.  It  would  thus  appear  that 
the  segregation  of  sulphur  in  commercial  steels — i.e.  those  con- 
taining sufficient  manganese  to  prevent  the  occurrence  of  iron 
sulphide — ^is  due  to  these  globules  being  mechanically  pushed 
to  one  side  by  the  growing  crystals,  and  concentrating  in  the 
last  portions  to  sohdify.  Some  become  entrapped  between 
adjacent  dendritic  arms  and  are  thus  finally  found  within  the 
minor  segregates,  while  others  may  escape  to  a  later  stage  and 
swell  the  final  concentration  of  impurities  in  the  last  portion 
to  soUdify — i.e.  the  major  segregates.  Thus,  while  the  segrega- 
tions pf  sulphur  are  usually  identical  with  those  of  other  impurities 
which  are  retained  during  solidification  as  solid  solutions,  it  is 
owing  to  mechanical  rather  than  to  physico-chemical  reasons 
that  such  segregation  occurs.  Owing  to  its  insolubiUty  in  the 
steel  it  is  obvious  that  the  manganese  sulphide  will  have  no 
tendency  to  diffuse  through  the  steel  at  any  temperatures  below 
that  of  incipient  fusion. 

Two  methods  are  available  for  revealing  the  macrostructure 
of  steel — viz.  sulphur  printing  and  etching. 

Sulphur  printing,  carried  out  either  according  to  the  original 
method  described  by  Heyn  and  Bauer  upon  silk,  or  according 
to  the  more  generally  used  method  of  Baumann,  with  the  aid 
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of  ordinary  silver  bromide  paper,  is  of  very  great  use  in  studying 
the  extent  and  position  of  the  major  segregates.  Its  capability 
of  revealing  the  minor  segregates,  and  therefore  of  giving  informa- 
tion as  to  the  individual  crystals  existing  in  the  original  ingot 
immediately  after  solidification,  is,  however,  somewhat  Umited 
for  the  following  reasons  : 

(1)  Unless  the  sulphur  content  be  high,  the  globules  of  sulphide 
are  too  widely  scattered  to  map  out  a  clear  continuous  picture 
of  the  dendritic  interspaces. 

(2)  Very  great  care  is  necessary  to  avoid  even  the  sUghtest 
movement  of  the  paper  while  in  contact  with  the  specimen,  and 
also  to  ensure  that  the  contact  shall  be  uniformly  close. 

Provided,  however,  that  the  sulphur  content  be  high,  and 
that  all  movements  be  avoided,  a  very  fair  picture  of  the  original 
dendritic  crystals  can  be  obtained. 

Macro-etching  is  usually  carried  out  with  the  aid  of  one  of 
the  following  solutions : 

(a)  Solutions  of  nitric  acid  in  either  water  or  alcohol.  This 
reagent  is  particularly  useful  for  revealing  the  presence  of  fine 
flaws  or  cracks.  These  are  best  observed  if,  after  fairly  deep 
etching,  the  surface  is  wiped  clean  from  all  carbonaceous  deposit 
and  carefully  dried  with  alcohol.  The  slight  oozing  which 
occurs  from  the  flaws  shows  them  in  marked  contrast  to  the 
general  grey  surface.  To  a  certain  extent  this  reagent  brings 
out  the  major  segregates,  but  is  far  more  delicate  in  revealing 
carbon  segregation,  and  especially  any  locally  decarburised  areas, 
than  it  is  of  revealing  segregates  of  phosphorus  and  sulphur. 
The  contrasts  in  this  respect  are  best  seen  while  the  acid  is  still 
attacking  the  surface. 

Except  in  the  case  of  certain  alloy  steels,  which  appear  to 
contain  immobile  carbides,  the  reagent  is  not  sufficiently  dehcate 
to  reveal  the  minor  segregates. 

(b)  Heyn's  reagent  (12  per  cent,  solution  of  copper  ammonium 
chloride  in  water)  etches  on  the  whole  in  a  similar  manner  to 
(a),  but  at  the  same  time  tends  to  stain  the  portions  high  in 
phosphorus  to  a  brown  colour.  This  staining  is  not,  however, 
sufficiently  delicate  to  reveal  the  minor  segregations  of  phosphorus. 

(c)  Strong  (10-20  per  cent.)  aqueous  solutions  of  hydrochloric 
acid  or  sulphuric  acid,  usually  employed  hot.    These  appear  to 
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act  by  firstly  eating  out  the  sulphide  inclusions,  and  subsequently 
by  acting  upon  the  larger  surfaces  exposed  to  attack  where  the 
inclusions  occurred,  by  eating  out  the  segregates  as  a  whole, 
and  leaving  the  purer  portions  in  relief.  The  general  effect 
closely  follows  that  obtained  by  sulphur  printing. 

(d)  Acid  Cupric  Beagents. — These  reagents -have  been  described 
by  Eosenhain  and  Haughton,(i)  by  Stead,(^)  by  Le  Chatelier,(5) 
and  by  others.  The  solutions  act  by  their  power  of  differential 
attack  on  portions  high  or  low  in  dissolved  impurities,  the  attack 
being  accompanied  by  a  corresponding  deposition  of  an  adherent 
film  of  copper  upon  the  surface  of  the  steel.  It  is  by  means  of 
this  deposit  of  copper  that  the  etching  effects  are  judged.  The 
reagents  are  remarkably  sensitive,  and  are  capable  of  revealing 
extremely  small  differences  of  composition  suph  as  occur 
between  the  various  portions  of  a  single  original  crystal.  For 
the  effects  to  be  seen  in  the  most  favourable  contrast  the 
surface  of  the  specimen  requires  to  be  given  a  fine  polish  such 
as  given  for  micro  work. 

The  reproduction  of  the  results  of  any  of  the  above  methods 
of  etching  can  only  conveniently  be  done  by  photography ; 
in  the  case  of  large  specimens  {e.g.  complete  sections  of  ingots) 
the  reduction  in  size  which  this  involves  is  liable  to  mask  the 
finer  details  of  the  etching — upon  which  a  great  deal  of  the  use- 
fulness may  depend.  In  the  course  of  an  investigation  into  the 
flow  of  the  steel  during  the  process  of  punching  and  drawing  a 
shell  blank,  the  author  was  successful  in  finding  an  etching  reagent 
which,  while  having  the  deUcacy  of  these  mentioned  under  (d) 
above,  could  yet  be  applied  to  surfaces  with  an  emery-paper 
finish  only,  and  which  allowed  any  number  of  exact  fuU-size 
replicas  of  the  etching  effects  to  be  obtained  by  a  simple  process 
of  printing. 

The  solution  is  prepared  by  the  addition  of  hydrochloric 
acid  to  Heyn's  reagent,  the  most  satisfactory  composition  for 
general  use  being : 

Copper  ammonium  chloride 120  grammes 

Hjdroohlorio  add  (cone.) 60  c.c. 

Water 1000  co. 

The  exact  proportion  of  HCl  appears  to  vary  somewhat  for 
different  steels,  but  is  easily  determined  by  trial. 
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The  etching  is  preferably  carried  out  by  supporting  the 
specimen  with  the  surface  to  be  etched  horizontal,  and  pouring 
on  the  solution  at  frequent  intervals,  so  that  a  film  of  fresh 
solution  is  always  in  action. 

The  result  of  the  etching  is  to  produce  a  marked  relief  effect 
on  the  surface  of  the  specimen,  upon  which  the  portions  which 
solidified  first  are  eaten  out  to  a  greater  depth  than  the  portions 
which  solidified  last ;  this  rehef  effect  is  best  seen  after  removal 
of  the  deposited  copper.  The  addition  of  the  hydrochloric 
acid  causes  the  copper  deposit  to  form  as  a  continuous  and 
somewhat  adherent  film,  rather  than  as  the  loose  flocculent 
mass  left  by  the  neutral  solution.  In  the  earlier  experiments 
difficulty  was  frequently  experienced  in  removing  the  deposit 
mechanically,  and  trials  were  made  with  various  decoppering 
solutions  to  remove  it  chemically.  Mr.  Wesley  Austin,  who 
was  then  working  with  the  author,  found,  however,  that  if  the 
following  procedure  were  adopted,  the  deposit  could  invariably 
be  wiped  away  as  easily  as  with  the  neutral  reagent. 

The  etching  is  started  with  the  neutral  solution  and  is  prefer- 
ably continued  with  it  until  all  traces  of  the  scratches  left  by 
the  emery-papers  have  been  eaten  away.  To  judge  this  it  is 
necessary  to  wash  off  the  deposit  and  examine  the  dried  surface. 
When  satisfactory  in  this  respect  the  etch  is  again  started  with 
sufficient  neutral  reagent  to  form  a  complete  but  thin  covering 
of  the  fiocculent  deposit,  and  then,  in  successive  applications, 
the  acidity  of  the  solution  is  gradually  increased  up  to  the 
maximum.  The  attack  is  continued  with  this  for  about  a 
quarter  of  an  hour.  The  surface  can  be  wiped  free  from  copper 
at  any  stage  and  the  effects  of  the  etch  examined,  but  after 
doing  so  the  fresh  attack  should  always  be  started  with  a 
preliminary  application  of  the  neutral  reagent. 

As  stated  above,  the  most  favourable  percentage  of  acid 
appears  to  vary  somewhat  for  different  steels.  If  insufficient 
is  present,  the  relief  effects  are  produced  only  slowly,  and  at 
the  expense  of  a  deep  general  attack  upon  the  surface  as  a  whole  : 
if,  on  the  contrary,  the  solution  is  too  acid,  there  appears  to  be  a 
somewhat  vigorous  attack  upon  the  sulphide  inclusions,  which 
results  in  a  deep  pitting  of  the  surface  and  a  general  spoiling 
of   the  whole  effect.    Alloy   steels   {e.g.   nickel-chrome   steels) 
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appear  to  etch  better  with  solutions  of  weaker  acidity  than  do 
plain  carbon  steels,  indeed  quite  marked  relief  effects  can  occasion- 
ally be  obtained  on  the  former  with  the  neutral  solution  alone. 
File-  or  machine-marks  should  always  be  carefully  removed  by 
rough  polishing  before  starting  to  etch,  since  the  general  effect 
of  the  acid  solution  appears  to  be  to  deepen  rather  than  eliminate 
them.  If  the  surface  has  been  prepared  by  machine  grinding, 
it  should  be  finally  polished  by  hand,  or  deeply  etched  with 
the  neutral  reagent,  until  all  signs  of  surface  hardening  are 
removed. 

After  wiping  away  the  deposited  copper,  and  drying,  the 
surface  has  a  general  matt-grey  appearance  upon  which  the 
relief  does  not  stand  out  very  distinctly  ;  if,  however,  it  is  lightly 
rubbed  over  with  fine  emery-paper,  the  relief  portions  are  brought 
out  into  strong  contrast,  and  the  results  of  the  etch  are  clearly 
revealed. 

The  total  time  taken  to  produce  a  satisfactory  reUef  effect 
varies  from  about  twenty  minutes  to  one  hour. 

Printing. 

The  strong  relief  effects  produced  by  the  use  of  the^^acid 
solution  suggested,  at  an  early  stage  of  the  experiments,  the 
possibiUty  of  reproducing  the  details  of  the  etched  surfaces  by 
direct  contact  printing— i.6.  by  means  of  printer's  ink  and  a 
press.  The  illustrations  of  macro-etchings  which  accompany 
this  paper  have  all  been  so  reproduced,  the  actual  specimens 
being  supplied  to  the  printer.  Apart,  however,  from  the  expen- 
sive printing  machinery  which  has  been  used  to  obtain  such 
prints  in  quantity,  it  has  been  found  a  perfectly  simple  matter 
to  obtain  equally  satisfactory  prints  with  apparatus  readily 
obtainable  in  any  laboratory  or  ofiSce. 

It  may  be  noted  that  there  are  two  ways  by  which  such  an 
etched  surface  may  be  printed — viz.  (1)  in  which  the  hollows 
are  filled  with  ink  and  the  reUefs  wiped  clean — this  is  the  process 
used  for  copper  engravings ;  and  (2)  in  which  the  reliefs  are 
inked  by  means  of  a  roller  and-  the  hollows  left  free.  For 
simplicity,  speed,  and  general  convenience  the  latter  process 
is  much  to  be  preferred ;  and,  after  a  few  laborious  trials  of  the 
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former,  has  been  entirely  adopted.  It  is  convenient  also,  since 
it  reveals  the  segregates  as  dark,  on  a  light  background  of  the 
purer  portions,  and  the  prints  are  thus  directly  comparable 
with  those  obtained  by  sulphur  printing. 

The  process  of  obtaining  prints  in  the  laboratory  is  as 
follows.  The  specimens  are,  when  possible,  machined  into  the 
form  of  slabs  before  etching,  one  of  the  parallel  faces  being  that 
selected  for  etching.  When  a  satisfactory  etch  has  been  obtained, 
ordinary  printers'  ink  is  applied  to  the  surface  by  means  of  a 
roller.  This  is  preferably  of  the  type  used  by  printers  (covered 
by  a  special  composition  of  glue  and  treacle),  but  results  almost 
as  satisfactory  have  been  obtained  with  a  roller  made  in  the 
laboratory  by  covering  a  piece  of  iron  rod  with  a  length  of  thick 
pressure  tubing,  stretching  two  thicknesses  of  black  para  tubing 
over  it,  and  mounting  in  an  old  squeegee  handle.  A  few  dabs  of 
printing  ink  are  placed  on  a  sheet  of  glass  or  tin  plate,  and  the 
roller  passed  in  all  directions  over  the  sheet  until  the  ink  is  evenly 
spread  out.  Ink  is  transferred  to  the  specimen  by  passing  the 
roller  alternately  over  the  inked  plate  and  the  etched  surface. 
The  specimen  is  then  placed  face  upwards  on  the  base  of  an 
ordinary  copying-press,  the  paper  laid  upon  it,  covered  with  a 
pad,  and  pressure  appUed.  The  best  results  are  usually  obtained 
upon  what  is  known  as  **  glossy  art  paper,"  while  for  general 
use  the  best  form  of  pad  is  two  thicknesses  of  blue  **  livery  " 
cloth,  such  as  is  frequently  used  for  covering  polishing  discs. 
For  specimens  upon  which  a  very  deep  relief  effect  cannot  be 
conveniently  obtained,  better  prints  can  often  be  secured  by 
the  use  of  a  somewhat  harder  pad,  e.g.  a  copy  of  one  of  the 
weekly  technical  journals. 

For  printing  specimens  too  large  for  a  copying-press,  the 
paper  may  be  pressed  in  contact  with  a  heavy  roller.  Perfectly 
satisfactory  prints  have  been  obtained  in  this  manner  from  the 
complete  longitudinal  section  of  a  1-ton  ingot. 

Interpretation  of  the  Etchings. 

Etched  sections  from  unforged  ingots  appear  to  indicate, 
without  any  possibiUty  of  doubt,  that  the  solution  acts  by  attack- 
ing the  purer  portions  which  solidified  first,  with  greater  vigour 
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than  it  does  the  more  impure  portions  which  solidified  later. 
Etched  sections  from  forged  and  treated  specimens  indicate 
with  equal  certainty  that  while  the  areas  so  differentiated  may 
be  deformed  by  the  former  process  until  the  original  dendritic 
pattern  is  rendered  unrecognisable,  yet  the  areas  tend  to  retain 
their  individuality  in  spite  of  any  ordinary  heat  treatments, 
except  such  as  are  of  abnormally  prolonged  duration,  or  are 
carried  to  temperatures  approaching  that  of  incipient  fusion. 

During  the  course  of  the  last  three  years  many  specimens 
from  all  types  of  steel  used  in  the  construction  of  guns  and  shells 
have  been  etched  in  the  author's  laboratory,  and  only  in  those 
cases  in  which  the  microscope  has  given  positive  evidence  of 
such  incipient  fusion  or  burning  (^)  has  there  been  any  failure 
to  reveal  the  casting  structure  or  to  obtain  satisfactory  prints 
by  the  methods  described. 

The  author  has  not  yet  had  the  opportunity  of  studying  the 
recent  publications  of  Le  Chatelier,  in  which  experiments  have 
been  described  indicating  that  oxygen  or  oxide  is  the  chief 
impurity,  the  segregation  of  which  is  responsible  for  the  effects 
obtained  with  acid  cupric  reagents.  It  is  considered,  however, 
that  the  evidence  ('*  '^)  which  had  been  obtained  previous  to 
these  researches  points  very  strongly  to  phosphorus  as  the  most 
important  of  these  impurities,  and  that  such  evidence  cannot 
be  put  to  one  side  without  very  definite  experimental  data  to 
the  contrary. 

In  view  of  this  belief  in  the  importance  of  phosphorus  in 
mapping  out  the  dendritic  structures  of  steel,  the  author  has 
been  in  the  habit  of  referring  to  the  prints  as  "  phosphorus 
prints."  It  is,  perhaps,  inadvisable  to  do  so  until  further  experi- 
mental data  are  available,  and  the  less  controversial  name  of 
"  macro-prints  "  or  ''  macrographs  "  is  suggested  instead. 

The  method  of  etching  described  in  the  present  paper  has 
suggested  a  method  of  attacking  this  problem,  which  should 
be  capable  of  giving  conclusive  evidence.  Only  one  experiment 
on  these  lines  has  so  far  been  carried  out.  This  experiment 
wa^  as  follows.  A  slab  of  steel  showing  a  well-marked  dendritic 
structure  was  etched  to  a  deep  relief.  The  relief  portions  were 
then  very  carefully  scraped  away  from  the  surface  and  the 
scrapings  collected.    The  surface  was  then  re-faced,  and  the 
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process  of  etching  and  scraping  continued  until  sufficient  scrap- 
ings had  been  secured  to  provide  material  for  analysis. 

Analysis  of  drillings  from  the  slab  showed  that  the  average 
composition  was — 

Per  Cent 

Carbon 0-61 

Silicon 0*13 

Manganese 0*70 

Phosphonu 0-040 

Sulphur 0*041 

whilst  duplicate  analyses  of  the  scrapings  gave  0-046  of  phosphorus, 
and  silicon  and  manganese  the  same  as  in  the  average  drillings. 
It  is  hoped,  when  opportunity  offers,  to  continue  experiments 
on  these  lines. 

Examples. 

The  following  examples  have  been  selected  from  a  number  of 
cases  which  the  author  has  dealt  with  in  the  course  of  investiga- 
tions  into  steel  for  use  in  the  manufacture  of  ordnance.  They 
illustrate  certain  different  appUcations  of  the  method,  and  some 
deductions  which  may  be  made  from  its  use. 

\Case  I. — Priuts  1  and  8  are  from  longitudinal  axial  sections 
of  two  small  ingots  intended  for  forging  direct  into  shell  blanks  ; 
prints  2  and  4  are  from  cross-sections  of  the  same  ingots,  cut 
just  at  the  top  of  the  longitudinal  sections.  In  both  cases  a 
certain  amount  of  discard  had  been  cut  from  the  tops  of  the 
ingots  before  they  were  received  for  examination. 

Ingot  A  (prints  1  and  2)  was  of  circular  cross-section,  and, 
apart  from  some  blowholes  on  the  cut  surface  at  the  top  (which, 
however,  did  not  reappear  on  cutting  off  the  cross  slice),  appeared 
generally  to  be  sound.  The  external  surface  was  fairly  smooth 
and  satisfactory  (see  Plate  IX.,  Fig.  1). 

Ingot  B  (prints  3  and  4)  was  of  octagonal  section,  and, 
while  the  cut  face  appeared  sound,  the  external  surface  was 
exceedingly  rough  and  broken  (see  Plate  IX.,  Fig.  2), 

The  compositions  were : 

Ingot  A.  Ingot  B. 

Per  Cent.  Per  Cent. 

Carbon 0-68  0-66 

Silicon 0-19  0-20 

Manganese 0-68  0*73 

PhoephoruB 0-055  0-067 

Sulphur 0-036  0-053 
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the  drillings  in  both  cases  being  taken  from  the  top  cut  face  at 
a  point  half-way  between  centre  and  outside. 

Sulphur  prints  from  the  sections  indicated  no  important 
major  segregates,  whilst  etching  with  nitric  acid  only  brought 
out  a  few  hair-Uke  shrinkage  cracks  in  the  central  portions. 

The  macro-prints  show  very  clearly  the  manner  in  which  the 
steel  has  crystallised  in  the  ingot  moulds.  As  regards  the  length 
of  the  crystals  which  have  grown  inwards  from  the  walls,  and 
the  shape  and  distribution  of  the  equiaxial  crystals  which  have 
formed  within,  the  two  ingots  are  fairly  similar  to  one  another, 
and  suggest  that  in  both  cases  the  steel  was  poured  at  a  low  rather 
than  at  a  high  temperature.  There  is,  however,  one  noticeable 
difference.  In  the  prints  from  ingot  B  it  will  be  seen  that  there 
is  a  sharply  defined  white  line  running  roughly  parallel  to  the 
exterior  surface  and  at  a  distance  of  about  ^  inch  to  f  inch  from 
it.  Bound  the  base  of  the  ingot  a  series  of  such  lines  are 
evident.  The  space  between  this  line  and  the  surface  was  clearly 
mapped  out  in  the  sulphur  print,  in  which  it  appeared  as  an 
evenly  light  tinted  border,  containing  segregates  of  the  blow- 
hole type.  In  the  prints  from  ingot  A  the  appearance  is  absent 
except  for  sUght  indications  round  the  base. 

Closer  detail  of  the  dendritic  structure  within  the  skin  are 
shown  in  Plate  X.,  Fig.  8,  which  is  a  photograph  of  the  etched 
surface  near  the  base  of  ingot  B  magnified  four  times. 

The  author  considers  that  this  skin  has  been  formed  owing 
to  violent  agitation  of  the  liquid  steel  in  the  mould  (probably 
due  to  too  rapid  pouring),  successive  skins  being  formed  above 
the  general  level  of  the  molten  steel.  When  once  the  skins 
have  become  submerged  crystallisation  proceeds  in  the  usual 
manner. 

Case  II. — Print  5  is  from  a  cross-section  of  a  segregated  and 
impound  bar  having  the  following  general  composition : 

Per  Cent. 

Carbon 0-46 

SiUcon 0-225     • 

Manganese 0>76 

PboepboTus 0-021 

Solphor 0-021 

It  is  shown  for  comparison  with  the  sulphur  print  (Plate  X., 
Fig.  4)  from  the  same  section.    It  will  be  seen  that  the  major 
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segregates  are  revealed  in  a  practically  identical  manner  bj 
the  two  methods. 

Case  III. — ^Prints  6  and  7  illustrate  the  use  of  macro-printing 
and  etching  in  studying  the  flow  of  metal  during  forging.  They 
are  from  longitudinal  axial  sections  of  the  base  portions  of  two 
shell  blanks.  In  the  case  of  the  blank  shown  in  print  6  the  punch 
used  in  forging  had  a  flat  face,  and  it  will  be  seen  that  the  flow 
has  taken  place  in  such  a  manner  as  to  produce  a  curious  **  cone  " 
formation  just  beneath  the  base  of  the  cavity.  The  manner 
in  which  this  cone  appears  to  be  formed  can  be  best  explained 
by  reference  to  the  diagrams  shown  in  Pig.  5.  **  A  "  represents 
a  section  of  the  blank  before  pimching,  upon  which  have  been 
drawn  a  series  of  imaginary  lines  parallel  to  the  axis.  "  B  " 
represents  the  same  billet  after  punching  with  a  flat-nosed  punch, 
and  shows  how  these  lines  become  displaced.  A  conical  piece 
of  steel  from  the  top  of  the  billet  is  pushed  right  down  in 
front  of  the  punch,  practically  without  deformation ;  just  beneath 
this  undeformed  portion  the  amount  of  lateral  deformation  sud- 
denly rises  to  a  maximum,  so  that  a  narrow  axial  cylinder  in  the 
billet  is  spread  out  to  practically  the  full  diameter  of  the  punch. 
Below  this  maximum  the  lateral  spread  gradually  becomes 
less,  until  at  the  base  of  the  blank  is  again  almost  nil.  In  order 
to  make  the  dia^am  somewhat  clearer  a  central  section  has 
been  cross-hatched  in  each  figure. 

In  print  7  the  punch  had  been  given  a  bluntly  pointed  nose 
(corresponding  approximately  to  the  outline  of  the  cone  in  print 
6),  and  it  will  be  seen  that  the  cone  formation  is  now  entirely 
absent,  and  the  steel  has  spread  out  regularly  before  the  advance 
of  the  punch. 

These  differences  have  been  found  to  have  a  very  important 
bearing  in  practice.  In  a  completely  sound  billet  the  cone 
formation  is  probably  unharmful,  yet  if  the  billet  has  any 
original  axial  unsoundness  {e.g.  a  minute  pipe),  a  certain 
axial  length  of  the  defect  becomes  spread  out  so  as  to  form  a 
thin  shell  enclosing  the  cone,  and  the  latter  will  then  be  only 
incompletely  adherent  to  the  base  of  the  shell.  One  may  compare 
the  shape  of  a  narrow  axial  cylinder  in  the  billet  before  and  after 
punching  to  a  closed  and  open  umbrella. 

Many  cases  of  such  loose  cones  have  been  met  with,  the 
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defect  being  particularly  troublesome  owing  to  the  difiBculties 
in  detecting  its  presence.  The  fine  junction  of  cone  and  base 
might  be  almost  invisible  when  examining  the  machined  interior 
of  the  shell,  but  if  the  base  was  struck  a  blow  with  a  hammer 
the  cone  would  fall  right  out  into  the  cavity. 

It  is  of  interest  to  note  that  from  some  tests,  the  results  of 
which  were  kindly  shown  to  the  author  by  Mr.  James  Waite, 
it  would  appear  that  the  pressure  required  to  punch  a  billet 


Fio.  6. — "Cone  *'  Formation  produced  during  Forging. 

with  the  form  of  punch  shown  in  print  7  is  almost  twice  that 
required  with  the  form  shown  in  print  6.  This  indicates  that 
the  surface  friction  between  hot  steel  and  cold  punch  is  con- 
siderably greater  than  the  combined  resistance  of  the  sUp  surfaces 
in  the  hot  steel. 

In  conclusion,  the  author  would  Uke  to  express  his  thanks  to 
his  late  assistant,  Mr.  Wesley  Austin,  M.Sc,  for  very  valuable 
help  in  working  out  the  practical  details  of  the  method,  and  to 
Mr.  James  Waite,  M.B.E.,  who  brought  the  problem  illustrated 


Digitized  by 


Googk 


286  HUMFRBY  :    MAORO-ETCHING  AND  MAORO-PRINTINO. 

in  Case  III.  to  his  notice,  this  being,  as  mentioned  above,  the 
original  starting  point  of  the  research. 

The  illustrations  to  the  paper  were  all  taken  in  connection 
with  investigations  carried  out  for  the  Director  of  Inspection  of 
Steel  (Land  Service),  who  has  kindly  given  permission  for  their 
publication. 
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Plate   IX 


Fig,  1. — Surface  of  ingot  A  (page  282). 


Fig.  2.--Surface  of  ingot  B  (page  282). 
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Fig.  8.     X  4  diam. 

N.B. — The  reproduction  of  the  etched  surface  by  photography 
shows  the  reliefs  hght  and  the  depressions  dark,  i.e.,  as  a 
negtitive  of  the  prints. 
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Fig.  4. — Sulphur  print  of  section  shown  in  print  5  (reduced). 
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DISCUSSION. 

Dr.  A.  McWiLLiAM  (Glasgow)  congratulated  the  author  on  the 
results  he  had  obtained.  The  subjects  had  constituted  an  important 
part  of  his  (Dr.  Mc William's)  work  during  the  past  year  in  India. 
One  of  his  methods  in  connection  with  getting  materials  up  to  the 
quality  required,  was  to  suggest  a  mental  picture  in  the  minds  of 
Indian  teemers  of  what  would  be  inside  the  ingot  if  they  did  this, 
that,  or  the  other.  He  had  used,  not  the  beautiful  kinds  of  printing 
exhibited  in  the  paper,  but  his  own  rough  sketches,  and  he  had  had  to 
try,  in  Hindustani,  to  produce  a  picture  of  the  internal  structures  of  the 
various  types  of  ingots  in  the  minds  of  Indian  workers,  whose  work 
was  estimated  to  be  worth  lOd.  a  day.  It  had  been  extremely  inter- 
esting to  find  that  his  old  experience  in  making  such  things  clear  to 
backward  students  had  been  valuable  to  him  in  conveying  them  to 
the  minds  of  the  Indians  who  were  eager  to  learn.  He  was  able  to 
produce  by  those  means  considerable  improvement  in  the  quality  of 
the  ingots  made  from  a  given  type  of  molten  steel,  as  shown  by  the 
reduction  in  the  percentage  of  rejections  of  finished  material. 

He  did  not  think  perhaps  that  the  wealth  of  detail  shown  in  the 
paper  would  have  been  so  good  for  his  purpose  as  his  own  rough  sketches, 
as  it  might  have  been  confusing  to  tbe  minds  of  the  less  highly  trained 
Indian  workers,  but  his  own  success  with  the  rough  method  indicated 
the  value  that  those  detailed  prints  were  likely  to  have  for  the  highly 
trained. 

People  would  say  of  ingots,  "  This  will  be  welded  up  "  and  "  that 
will  disappear  with  sufficient  forging  or  rolling,"  but  it  always  seemed 
to  him  that  in  an  ingot,  as  in  a  man's  life,  once  something  had  occurred 
it  never  ceased  to  exert  some  influence  on  the  final  result,  hence  the 
great  importance  of  the  study  of  the  ingot.  He  had  ultimately  trained 
the  men  to  produce  the  required  type  wonderfully  well,  by  the  help 
of  the  examination  of  the  nature  of  the  top  of  the  ingot  as  a  guide 
in  their  work. 

Dr.  Stead  recalled  to  his  mind  that  Dr.  Sorby  of  Sheffield  was 
the  first  to  make  direct  prints.  Dr.  Sorby  showed  examples  of  his 
prints  some  time  in  the  sixties  of  last  century,  and  he  was  sure  he 
would  have  been  delighted  to  see  the  way  in  which  the  process  had 
been  developed. 

Dr.  W.  H.  Hatfield  (Sheffield)  congratulated  the  author  on  his 
excellent  paper.  Right  through  the  war  those  who  had  been  working 
on  the  subject  in  Sheffield  had  been  in  touch  with  the  author,  and  he 
had  very  kindly  shown  them  from  time  to  time  the  progress  of  his 
work.     There  was  no  doubt  that  macrostructure  had  now  become 
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as  important  as  microstructure,  and  the  author's  advance  in  technique 
would  materially  assist  in  the  production  of  first-class  images,  full 
size,  of  the  larger  specimens,  which  of  course  was  a  useful  achievement. 
In  many  laboratories  people  were  content  with  etching  with  different 
reagents  and  then  photographing,  but  of  course  a  photographic  pro- 
duction would  never  be  quite  as  satisfactory,  being  generally  accom- 
panied by  light  and  shade,  which  somewhat  diminished  the  value  of 
the  print.  In  his  (Dr.  HatReld's)  own  laboratories  he  used  10  per 
cent,  copper  ammonium  chloride  in  water,  and  found  it  a  very  effective 
etching  medium,  but  the  necessary  deep  etching  effect  was  not  readily 
obtained  by  their  method.  The  author  had  spoken  with  apparent 
knowledge  of  the  distribution  of  the  phosphorus,  suggesting  etching 
effects  produced  by  that  element.  He  knew  that  Dr.  Stead  shared 
the  author's  opinion.  He  (Dr.  Hatfield)  did  not  feel  convinced  in  his 
own  mind  that  phosphorus  was  the  element  which  was  responsible 
for  the  macrostnicture.  Whether  the  phosphorus  content  was  0*01 
or  0*05,  the  same  effect  was  obtained.  There  were  several  other 
elements  present  in  greater  proportion  than  the  phosphorus,  and  he 
thought  it  more  reasonable  to  suppose  that  the  effect  of  the  sum  total 
of  the  elements  on  the  purity  of  the  crystal  during  freezing  would  be 
the  more  likely  explanation  of  the  structure.  The  author  did  not  deal 
in  detail  with  the  influence  of  chromium.  It  might  interest  him  to 
know  that  he  (Dr.  Hatfield)  had  prepared  a  series  of  experimental 
steels  not  containing  chromium  and  etched  them  in  this  way,  and 
then  prepared  another  and  gradually  added  chromium.  As  soon  as  the 
chromium  came  in  there  was  a  very  marked  difference  indeed  in  the 
structure,  the  acicular  nature  of  the  crystals  at  once  appearing.  The 
author  referred  to  immobile  carbides.  He  would  like  to  know  whether 
he  used  that  expression  as  the  result  of  deductions  from  actual  experi- 
mental observation  other  than  macrostructures.  He  himself  always 
considered  that  chromium  carbide,  and  in  fact  any  carbide,  would 
diffuse  readily  in  iron  at  the  temperatures  to  which  steels  such  as  those 
were  exposed. 

Mr.  J.  H.  Whiteley  (Stockton-on-Tees)  said  the  subject  was  one 
to  which  he  had  given  a  considerable  amount  of  attention  some  years 
ago,  and  he  had  published  some  results  in  the  Proceedings  of  the  Cleve- 
land Institute  of  Engineers.^  The  solution  he  used  for  etching  large 
specimens  contained  20  grammes  of  ferric  chloride  and  012  gramme  of 
copper  chloride  in  100  cubic  centimetres  of  water,  and  10  cubic  centi- 
metres of  hydrochloric  acid.  That  reagent  was  really  a  modification 
of  Dr.  Rosenhain's.  He  had  not  tried  the  reagent  described  by  the 
author,  but  he  was  inclined  to  think  from  the  author's  remarks  that 
the  particular  reagent  which  he  (Mr.  Whiteley)  had  used  was  slightly 
better.  The  specimen  was  placed  in  a  dish  or  etching  tank,  the  reagent 
was  poured  on,  and  after  about  five  minutes  the  specimen  was  taken 
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out,  dried,  rubbed  over  with  very  j&ne  emery  paper,  and  then  put 
back  again.  The  etching  could  then  be  continued  for  half  an  hour 
or  more  and  very  deep  impressions  were  obtained.  The  method  he 
employed  to  obtain  the  prints  was  to  rub  Chinese  white  into  the 
impressions,  and  set  the  specimen  up  in  a  good  light  and  photograph 
it,  but  there  could  be  no  doubt  the  author's  printing  method  was 
much  better.  With  regard  to  the  peculiar  line  which  could  be  seen 
near  the  margins  of  some  of  the  author's  macrographs,  that  had  also 
been  pictured  in  the  paper  to  which  he  (the  speaker)  had  referred. 
That  line  represented  a  layer  of  purer  material  separating  two  types 
of  structure-— dendritic  and  granular.  The  conclusion  he  had  come 
to  at  the  time  from  various  observations  made  on  the  structure  of 
cast  steel  was  that  the  granular  structure  was  really  due  to  a  chilling 
of  the  metal  as  it  entered  the  mould  and  not  to  any  violent  agitation 
of  the  steel,  as  stated  by  the  author. 

Fig.  A  in  Plate  XI.  showed  the  macrostructure  of  a  section  of 
a  cast  steel  cogging-mill  guide  which  failed  in  use.  The  specimen 
was  about  3^  inches  wide  and  was  etched  by  the  reagent  described 
above.  Two  structures  were  seen,  one  dendritic  and  the  other  granular ; 
the  latter  showed  no  sign  of  any  dendrites.  The  two  structures  were 
separated  by  a  layer  of  purer  material.  Test-pieces  7  inches  by 
1  inch  were  cut  from  each  side  and  gave  the  following  results : 


Granular. 

Dendritto. 

.     33-7 

300 

Elongation  per  cent. 

.     26-0 

6-0 

Contraction  per  cent. 

.     37-2 

4-5 

The  bend-test  (1  inch  square  section)  of  the  granular  material 
bent  through  180^  without  breaking  while  that  of  the  dendritic  broke  at 
60°.  It  was  certainly  remarkable  that  such  diverse  results  should  be 
obtained  from  pieces  taken  so  close  together.  Whatever  may  have 
been  the  cause  of  the  granular  structure,  it  seemed  certain  that  it  could 
not  have  been  produced  by  a  violent  agitation  of  the  metal  in  the 
mould.    The  analyses  of  the  two  parts  were  as  follows  : 


Combined  carbon 
SiUoon 
Fhosphonu 
Snlphur 
Manganeio  . 
Alaminivm  . 

Dr.  W.  RosENHAiN,  F.R.S.  (National  Physical  Laboratory),  said 
the  results  the  author  had  obtained  were  Both  beautiful  and  useful. 
With  regard  to  the  theoretical  question  as  to  the  cause  of  the  macro- 
structure,  the  position  was  such  that  a  certain  attitude  of  reserve 
had,  he  thought,  to  be  maintained.  No  doubt  any  impurity  which 
existed  in  a  liquid  solution  of  steel,  and  remained  in  the  crystals  in 
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solid  solution,  would  give  rise  to  what  the  author  called  minor  segrega- 
tion. He  was  not  sure  that  that  was  quite  the  happiest  phrase  for  it, 
although  the  members  would  all  know  what  it  meant.  The  question 
was  how  long,  in  the  future  treatment  of  steel,  pseudomorphs  of  that 
original  dentritic  structure  of  the  crystals,  the  original  coring  of  the 
crystals,  would  persist.  It  was  not  a  question  of  how  much  of  that 
impurity  was  present,  whether  0*01  of  phosphorus  for  instance,  but 
of  how  much  remained  there  after  subsequent  treatment.  It  was  a 
question  of  the  rate  of  diffusion.  Le  Chatelier's  evidence,  which  he 
had  brought  forward  recently,  showed  that  oxide  was  one  of  the  sub- 
stances whose  presence  could  give  rise  to  that  dentritic  appearance 
in  the  steel  as  cast,  and  that  the  resulting  difference  of  composition 
would  persist  after  a  considerable  amount  of  heat  and  mechanical 
treatment.  Dr.  Stead's  work  had  shown  conclusively  that  phosphorus 
would  do  the  same  thing,  and  it  was  quite  possible  that  there  were 
other  elements  as  well.  From  the  point  of  view  from  which  the  author 
employed  the  process  for  studying  the  primary  crystallisation  and 
the  flow  of  the  metal,  it  was  quite  immaterial  what  the  cause  of  that 
structure  was.  What  was  known  was  that  there  was  a  mapping  out 
of  the  original  crystallisation  of  the  steel,  and  the  lineal  descendants 
of  that  original  crystallisation  persisted  in  the  form  of  pseudomorphs 
of  one  sort  or  another,  right  through  to  the  finished  stage,  and  it  was 
upon  that  fact  that  the  value  of  the  whole  method  depended.  It 
was  applicable  not  only  to  the  ingot  and  to  the  forms  having  under- 
gone comparatively  small  amounts  .of  forging  to  which  the  author 
applied  it,  but  it  was  applicable  to  such  things  as  rails,  tyres,  axles, 
&c.  By  its  means  could  be  traced,  in  a  most  instructive  way,  the 
flow  of  the  steel,  the  amount  of  work  it  had  received,  and  the  manner 
in  which  that  work  had  been  applied.  It  was  possible,  for  instance, 
to  say,  when  dealing  with  a  cracked  part,  whether  that  crack  had  been 
formed  before  or  after  the  last  for^g  or  hot  rolling.  If  a  crack  had 
been  formed  before  the  last  hot  rolling  the  flow  lines  all  stopped  at  the 
crack,  whereas  if  it  was  formed  afterwards  the  flow  lines  ignored  the 
crack.  It  was  most  useful  and  important  to  be  able  to  establish  such 
facts  at  times.  There  were  a  number  of  other  uses,  and  the  method 
of  direct  printing  undoubtedly  had  the  very  great  advantage  which 
the  author  claimed  for  it,  of  being  palpably  obvious  even  to  what  he 
described  as  the  lay  mind.  He  himself  had  had  to  deal  with  the  lay 
mind  quite  often,  and  appreciated  that  point  very  much.  There 
was  one  small  matter  he  wished  to  mention  with  regaid  to  the  author's 
observation  about  the  effect  of  the  shape  of  the  end  of  a  punch  in 
punching  a  shell  blank — the  fact  that  the  resistance  to  a  square- 
headed  punch  was  actually  lower  than  the  resistance  to  a  pointed 
punch.  One  would  have  imagined  that  the  pointed  punch  would 
enter  more  easily,  and  would  pass  through  the  mass  with  a  good  deal 
less  resistance,  just  as  the  pointed  bow  of  a  ship  passed  through  water 
more  easily  than  a  blunt  bow.    Personally  he  had  not  been  surprised 
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to  see  what  had  happened  in  this  case,  because  he  had  seen  an  example 
of  a  very  similar  action  in  another  process,  the  process  of  extrusion. 

In  extrusion  the  metal  was  placed  in  a  cylinder,  and  by  means  of 
a  piston,  pressure  was  applied.  In  that  way  it  was  forced  to  come 
out  through  a  die  as  at  D  (Fig.  B,  below).  The  lines  of  flow  could  easily 
be  shown.  They  ran  in  the  sort  of  fashion  indicated  by  the  arrows 
shown,  and  one  would  havethought,  judging  by  the  analogy  of  hydraulics, 
that  shaping  the  die  so  as  to  allow  the  metal  to  flow  gradually  and 
smoothly  into  it  would  have  facilitated  matters,  and  would  have  very 
materially  diminished  the  resistance  to  flow.  Experiments  at  once 
showed  that  the  contrary  was  the  case.  If  one  made  the  die  with  a 
bell-mouth  for  instance,  one  not  only  very  much  increased  the  power 
which  had  to  be  applied  to  the  piston,  but  as  a  result  it  led  to  such 
pressure  on  the  die  that  the  die  itself  cracked.    The  explanation  was 


Fio.  B. 


the  same  as  in  the  case  which  the  author  had  illustrated,  and  it  was 
as  follows — ^that  unless  the  shape  leading  into  the  die  was  exactly 
conformable  to  the  direction  of  flow,  the  shape  did  more  harm  than 
good,  probably  by  increasing  the  area  over  which  friction  had  to  act. 
The  best  way  to  get  the  right  shape  was  to  let  the  metal  form  it  for 
itself.     What  happened  if  a  flat-faced  die,  or  one  with  a  slightly  con- 
cave interior  face  was  used  ?     In  the  corner,  near  C  in  the   flg.» 
there  was  a  region  in  which  the  metal  underwent  no  flow  at  all.    It 
simply  sheared  oft  along  the  direction  of  natural  flow,  and  formed  the 
right  shape  for  easiest  flow  for  itself,  far  more  accurately  than  one 
could  possibly  form  it  by  a  die  beforehand,  because  so  much  depended 
on  the  exact  conditions  of  temperature  and  the  stiffness  of  the  metal. 
Possibly  if  success  were  met  with  in  making  the  die  just  the  right  shape, 
advantage  might  be  got  from  it,  and  no  doubt  the  same  applied  to  the 
punch  in  the  author's  case.    In  actual  practice,  the  roughly  guided 
shape  which  one  made  was  worse  than  none  at  all.    It  was  better  to 
let  the  metal  take  its  own  course.    It  was  rather  an  interesting  analogy 
between  the  extrusion  process,  which  he  believed  had  not  yet  been^ 
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practised  in  connection  with  steel,  and  the  punching  operation  described 
hj  the  author. 

Dr.  J.  E.  Stead,  F.R.S.,  Vice-President,  said  the  subject  of  the 
paper  was  most  instructive  and  valuable  to  metallurgists.  It  might 
be  well  to  trace  briefly  from  the  earliest  times  the  actual  history  of 
the  printing  of  macrostructures.  Dr.  Sorby  was  the  first  person  to 
make  macro  prints  from  blocks  that  had  been  etched  with  acid,  but 
the  process  was  quite  different  from  that  described  by  the  author. 
In  the  former  case  it  was  the  cementite  in  the  ingots  which  was  left 
in  relief,  and  gave  the  pattern  on  the  printing  block.  Later  on,  a 
very  excellent  and  valuable  method  of  obtaining  very  much  the  same 
macrostructure,  was  obtained  by  an  auto-sulphur  printing  process. 
It  consisted  of  placing  a  piece  of  bromide  paper  impregnated  with 
dilute  sulphuric  acid  on  the  face  of  the  surface  of  t^e  polished  steel. 
If  sulphur  prints  had  been  taken  of  those  very  sections  of  which  illustra- 
tions were  given  in  the  paper,  the  author  would  have  got  the  same 
structure,  but  with  the  "  tone  "  reversed.  That  was  to  say,  what 
were  whites  in  Mr.  Humfrey's  diagram  would  have  been  brown  in 
the  others.  Mr.  Whiteley  had  given  him  some  blocks  of  steel  deeply 
etched,  which  might  weU  have  been  used  for  printing,  because  the 
insoluble  parts  were  in  such  great  relief.  He  did  not  think,  however, 
they  had  been  used  as  printing  blocks.  He  would  suggest  that  Mr. 
Whiteley  should  take  one  of  his  blocks  and  use  it  for  printing,  and 
send  the  print  for  publication  in  the  Journal.^  What  was  responsible 
for  the  difference  in  the  solubility  of  different  parts  of  polished  steel  ? 
He  (Dr.  Stead)  had  been  more  or  less  made  responsible  for  stating 
that  it  was  invariably  phosphorus.  He  had  never  made  such  a  state- 
ment. He  had  pointed  out  that  nickel  and  chromium  and  other 
elements  led  to  differences  in  solubility.  It  was  not  necessary  to  have 
any  chemical  variation  in  the  metal,  for  pure  iron  of  large  crystalline 
structure  showed  differences  of  solubility  in  different  crystals.  When 
a  polished  surface  of  pure  iron  containing  fairly  large  crystals  of  iron 
was  etched,  certain  crystals  were  to  be  found  which  were  eaten  into  much 
more  rapidly  than  others,  and  if  one  were  to  use  the  polished  and  etched 
plate  as  a  printing  block,  one  would  get  the  same  kind  of  variations 
shown  by  the  author.  The  variation  in  solubility  was  due  to  difference 
in  the  physical  orientation  of  the  crystals  themselves,  the  cube  faces 
being  less  soluble  than  any  other  face.  Macro-printing  would  be  most 
valuable  for  all  metallurgists  and  engineers,  and  for  those  who  wished 
to  see  what  was  inside  the  steel. 

Mr.  E.  H.  Saniteb  (Botherham)  thought  that  those  who  had  used 
the  author's  method  should  not  let  the  present  opportunity  go  by  of 
expressing  their  sense  of  the  great  value  of  the  process.     His  firm 

«  Thii  Mr.  Whiteley  hw  Binoe  done.    See  p.  289  anU  and  Fig.  A,  PUte  XL— Bditob. 
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had  used  it  mainly  on  forged  materials.  To  use  it  on  an  ingot  structure 
was  perhaps  somewhat  superfluous.  There  the  dentritic  structure 
or  the  general  macrostructure  was  so  coarse  that  it  was  shown  just  as 
well  by  the  ordinary  sulphur  print.  About  ten  years  ago  he  had 
exhibited  the  first  sidphur  print  of  a  25  cwt.  ingot  at  a  Conference  in 
London.  It  showed  all  the  characteristics  of  the  chilled  outer  rim 
of  the  dentrites  and  the  sagging  of  the  centre  during  solidification. 
He  thought  that  for  smaller  bodies  and  f orgings  the  process  brought 
out  detail  more  clearly  or  abundantly  than  the  ordinary  sulphur 
printing  process.  If,  for  instance,  drop  stampers  wished  to  produce 
the  best  article,  it  would  pay  them  to  make  sections  of  their  drop 
stampings  and  take  prints  of  the  description  under  discussion,  to 
ascertain  whether  their  dies  were  the  right  shape.  He  happened  to 
have  made,  and  he  believed  the  author  had  made  also,  prints  of  some 
drop  stampings  which  showed  an  absolutely  dead  area  in  one  part  of  the 
stamping.  There  had  been  no  flow  of  the  metal  at  all,  and  it  was  quite  un- 
worked,  and  very  coarse.  One  unfortunate  feature  about  the  method 
was  that  it  was  rather  a  long  and  expensive  process  to  polish  objects 
of  any  size  for  the  production  of  the  prints,  and  there  was  also  the 
dai^ger  of  producing  false  appearances  during  the  etching,  if  the 
greatest  care  was  not  used.  He  himself  in  the  works  had  seen  appear- 
ances produced  which  absolutely  appeared  as  if  it  must  be  in  the  steel, 
and  had  had  the  process  repeated,  whereupon  they  had  absolutely 
disappeared.  Those  false  appearances  had  a  tendency  to  appear  more 
particularly  towards  the  edges  of  the  specimen.  It  was  just  as  well  to 
sound  a  warning  on  a  matter  like  that,  because  people  might  otherwise 
be  misled. 

Mr.  H.  H.  AsHDOWN  (Newcastle-on-Tyne)  said  he  felt  under  a 
debt  of  obligation  to  the  author,  as  he  had  had  that  process  in  detail 
passed  on  to  him,  and  had  found  it  most  useful  in  investigating  sections 
of  large  ingots.  He  was  much  pleased  to  see  that  the  author  had  not 
continued  to  describe  his  reproductions  as  phosphorus  prints.  Some 
little  time  ago  he  (Mr.  Ashdown)  had  taken  some  of  the  sections  which 
had  been  deeply  etched,  and  had  had  them  scraped  and  analyses 
taken  in  duplicate.  He  found  that  in  several  cases  the  sulphur  had 
come  out  considerably  higher  in  proportion  than  the  phosphorus. 
There  was  one  case  in  particular  which  might  be  of  interest,  where 
the  sulphur  from  the  back  of  the  disc  was  0026,  and  that  from  the 
etched  scrapings  came  out  006,  while  the  phosphorus  rose  only  from 
0*02  to  0*031.  He  was  sure  there  was  a  great  future  before  the  method, 
which  was  extremely  useful  in  dealing  with  sections  from  very  large 
ingots.  Dr.  Rosenhain  had  already  explained  the  reason  of  the  differ- 
ence of  the  pressure  required,  in  punching  shell  with  a  round-nosed 
punch  as  compared  with  a  square-nosed  punch.  It  had  been  his 
privilege  some  years  ago  to  be  in  charge  of  shell  manufacture,  and  he 
could  assure  the  author  that  to  use  a  round-nosed  punch  was  a  retro- 
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grade  step.  In  using  a  round-nosed  punch,  owing  to  the  excess  pressure 
required,  it  was  apt  to  bend,  take  a  false  lead,  and  much  eccentric 
work  would  result.  If  after  considerable  use  a  round-nosed  punch 
and  a  square-nosed  punch  were  examined,  one  would  see  at  once  why 
much  greater  pressure  was  required.  There  was  very  heavy  scoring 
all  over  the  round-nosed  punch*  whereas  with  a  square-nosed  punch 
there  was  only  evidence  of  friction  flow  past  the  shoulder,  and  in  addition 
one  got  a  direct  push.  With  regard  to  the  cones  which  had  been 
found  in  the  bases  of  shell,  during  his  experience  of  shell  manufacture 
he  had  had  very  many  shells  sectioned,  and  had  never  come  across 
a  cone,  but  had  had  one  handed  to  him  eighteen  months  previously, 
and  from  his  examination  he  thought  the  author  would  find  that  they 
corresponded  with  the  segregated  cone  in  the  ingot.  He  was  disposed 
to  think  those  cones,  due  to  the  applied  pressure,  slipped  from  the 
segregated  area  when  the  billets  were  punched  on  the  cold  side.  During 
the  war,  owing  to  the  great  pressure  in  production,  it  was  quite  likely 
that  many  of  those  shell  billets  had  been  pierced  at  comparatively 
low  temperatures,  and  what  had  actually  happened  was  that  the  cone 
had  been  forced  down  from  the  segregated  faces  into  the  base.  He 
did  not  think  that,  provided  the  billets  were  punched  at  a  comparatively 
low  temperature,  the  round-nosed  punch  would  obviate  the  coning 
taking  place. 


COBBESPONDENCE. 

Mr.  J.  H.  S.  Dickenson  (SheflBield)  wrote  that  he  had  used  a  method 
of  macro-etching  and  macro-printing  similar  to  that  of  Mr.  Humfrey 
for  several  years,  and  had  found  the  readiness  with  which  a  number  of 
prints  might  be  obtained  from  the  etched  section  of  an  ingot  or  a 
forging  very  convenient  and  valuable.  Dr.  Sorby  had  actually  obtained 
prints  in  a  similar  way  from  cross-sections  of  converted  bar  etched 
with  nitric  acid.  Dr.  Sorby's  "  nature  prints,"  which  were  reproduced 
in  the  Journal  of  the  Iron  and  Sted  Institute,  1887,  No.  I.,  were  not  to 
be  compared,  for  beauty,  with  those  which  could  be  obtained  by  the 
use  of  a  cupric  etching  reagent,  like  the  excellent  examples  with  which 
Mr.  Humfrey's  paper  was  illustrated. 

When,  several  years  ago,  Mr.  Humfrey  had  kindly  shown  him 
(Mr.  Dickenson)  several  small  prints  obtained  by  his  process,  he  did 
not  communicate  the  composition  of  the  etching  reagent  used,  and  he 
(Mr.  Dickenson)  proceeded  to  experiment  on  his  own  lines,  finally 
obtaining  really  excellent  results  from  a  distinctly  different  formula 
to  that  which,  he  now  found,  had  been  used  by  Mr.  Humfrey.  When, 
in  Messrs.  Vickers'  Research  Laboratory,  it  was  desired  to  make  a 
macroscopic  examination  of  a  steel  surface,  large  or  small,  the  usual 
procedure  was  first  to  take  a  sulphur  print,  next  to  etch  with  10  per 
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cent,  solution  of  nitric  acid  in  water,  and  then,  without  further  prepara- 
tion of  the  surface,  to  etch  with  a  reagent  containing : 

Ferric  ohlwide    •        •         •  40  grammes. 

Copper  chloride  .         •         •  3       „ 

Hydrochloric  acid         .  40  cubic  oentimetres. 

Water         ....  500              „ 

That  was  continued  until  sufficient  relief  was  obtained,  when,  by 
the  use  of  printers'  ink  and  paper,  any  desired  number  of  prints  might 
be  taken.  Preliminary  etching  with  nitric  acid  had  a  double  advantage, 
since  the  existence,  or  non-existence,  of  fine  cracks,  hair-cracks,  or  ' 
other  similar  defects,  as  well  as  structural  variations  due  to  heat  treat- 
ment, were  far  better  shown  up  by  that  reagent  than  any  other,  and, 
in  addition,  treatment  with  nitric  acid  made  the  subsequent  cuprio 
etching  easier  and  more  regular.  Although  laboratory  assistants 
usually  found  considerable  difficulty  in  getting  satisfactory  etchings 
when  first  using  a  cupric  reagent,  very  dissimilar  etching  reagents 
gave,  when  properly  handled,  similarly  excellent  results.  Skill  in 
applying  the  reagent  appeared,  in  fact,  to  be  of  more  importance  than 
variation  in  its  composition.  For  most  works  purposes,  the  use  of  a 
printing  press  was  out  of  the  question,  and  it  was  usually  necessary 
to  ink  with  an  ordinary  hand-roller,  pressing  the  paper  on  by  a  squeegee. 
That  was  not  easy,  but  with  practice  perfectly  evenly  inked  prints 
could  be  obtained  from  comparatively  large  ingot  sections.  No  special 
difficulty  had  been  experienced  in  the  Research  Laboratory  of  Messrs. 
Vickers,  Limited,  Sheffield,  in  obtaining  satisfactory  prints  from  ingot 
sections  18  inches  wide  and  60  inches  long. 

Mr.  0.  W.  Ellis  (London)  wrote  that  the  method  described  by 
the  author  was  a  welcome  improvement  upon  that  of  Dr.  Sorby, 
described  under  the  head  "  Nature  Prints  "  in  the  Journal  of  the  Iron 
and  Sted  Institute,  1887,  p.  259. 

Dr.  Sorby's  mode  of  procedure  was  complicated  by  the  implied 
necessity  for  cutting  the  specimens  to  type  height.  Other  workers 
had  since  discovered  that  there  was  little  need  for  such  elaborate 
methods  of  preparation  either  in  the  cutting  or  the  polishing  of  the 
specimens  to  be  examined,  and  "  nature  prints,"  or,  better  still,  macro- 
prints,  had  from  time  to  time  been  produced  with  much  less  trouble 
than  would  be  imagined  to  be  the  case  from  a  perusal  of  Dr.  Sorby's 
paper. 

He  (Mr.  Ellis)  had  obtained  many  successful  macro-prints  by 
following  a  similar  procedure  to  that  described  by  the  author  in  his 
paper.  He  had  been  fortunate  in  always  having  had  at  hand  a  printing 
shop  to  which  he  had  been  able  to  forward  his  etched  specimens.  He 
had  hitherto  employed  Hejoi's  reagent,  in  the  manner  very  clearly 
described  in  Bauer  and  Deiss'  book  on  the  Sampling  and  Analysis 
of  Iron  and  Steel,  except  that  he  had  allowed  the  chloride  solution 
to  remain  in  contact  with  the  steel  for  periods  varying  from  two  to 
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twenty-four  hours.  .  Generally  speaking  the  longer  periods  had  been 
found  necessary  to  obtain  perfection.  It  would  be  of  interest  if  the 
author  could  confirm  that  the  add  chloride  bath  was  the  quicker  in 
action,  as  would  seem  to  be  the  case  from  his  statement  on  p.  279,  lines 
17  and  18.  The  author  on  p.  281  stated  that  only  in  those  cases  in 
which  the  microscope  had  given  positive  evidence  of  incipient  fusion 
or  burning  had  there  been  failure  to  obtain  satisfactory  prints  by  the 
method  described.  He  (Mr.  Ellis)  wished  to  know  whether  in  no 
other  cases  but  in  those  referred  to  had  difficulty  in  obtaining  perfect 
etchings  been  experienced,  as  he  had  found  that  the  application  of 
even  slight  amoimts  of  cold  work  created  trouble  in  many  instances. 

It  would  be  of  interest  to  know  the  results  of  the  author's  further 
experiments  on  the  analysis  of  scrapings  from  the  relief  portions  of 
etched  samples. 

On  p.  284  the  author  described  the  results  of  experiments  on  the 
flow  of  metal  during  forging,  and  stated  that  *'  in  a  completely  sound 
billet  the  cone  formation  is  probably  unharmful."  Did  the  author 
suggest  that  the  formation  of  such  a  cone  was  an  essential  feature  in 
forgings  obtained  when  flat-nosed  punches  were  employed  in  manu- 
facture ?  That  certainly  did  not  agree  with  the  writer's  experience, 
which  was  that,  provided  material  was  homogeneous  (in  so  far  as 
material  can  be  homogeneous)  and  uniform  in  temperature  through- 
out its  mass,  flow  would  take  place  at  all  places,  even  in  the  immediate 
vicinity  of  the  "  flat "  of  the  punch. 

Mr.  G.  W.  Green  (Openshaw)  congratulated  Mr.  Humfrey  on  his 
greatly  improved  method  of  macro-etching  and  printing.  Macro- 
etching  and  printing  had  been  known  for  some  considerable  time,  and 
Howe  described  a  method  of  etching  by  means  of  weak  acid  wliich 
he  followed  up  by  a  printing  process  similar  in  principle  to  that  of 
Mr.  Humfrey.  When  Mr.  Humfrey  gave  his  (Mr.  Green's)  firm  details 
of  his  method  it  was  somewhat  different  from  the  present  published 
accoimt  and  involved  at  least  three  etches  to  develop  the  relief  structure 
sufficiently  for  printing  purposes.  Some  details  of  the  technique  as 
employed  at  Openshaw  might  be  of  interest. 

The  flat  surface  for  printing  was  rapidly,  cheaply,  and  easily  prepared 
by  first  machining  on  a  planer,  finishing  with  a  fine  cut,  and  then 
buffing  the  machined  surface.  The  buffing  was  done  in  the  usual 
manner  in  the  buffing-shop.  Any  inequalities  of  surface  caused  by 
buffing  were  very  slight  and  gave  rise  to  no  difficulty  whatever  either 
in  the  etching  or  printing  operations.  A  useful  preliminary  to  the 
main  etching  process  was  a  short  etching  with  dilute  nitric  acid,  which 
helped  to  get  rid  of  any  machine  marks  and  gave  a  very  good  indication 
of  what  the  macrostructure  was  like. 

The  use  of  a  wash-bottle  for  applying  the  etching  reagent  tended 
to  greater  cleanliness  and  economy.  Should  the  copper  film  tend  to 
stick,  rubbing  with  a  piece  of  cork  would  clear  it  away  easily. 
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Plate  XL 


Fig.  A  illustrating  Mr.  Sumner's  remarks. 


Fig.  B.— Macrograph  illustrating  Mr.  Whitcley's  remarks. 
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Plate  XIa 


Plasticene  models  illustrating  Mr.  Humfrey's  reply  to  the  discussion  and 
corres|X)ndence  on  his  paper. 
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The  great  difficnlty  in  the  printing  was  to  estimate  the  correct 
quantity  of  ink  for  obtaining  a  good  print.  The  best  way,  especially 
where  a  number  of  prints  were  required,  was  to  have  just  a  little  too 
much  ink  on  the  roller  and  specimen  for  the  first  print,  which  should 
be  rejected,  and  then,  without  re-inking  the  roller,  go  over  the  specimen 
again.  A  print  after  that  operation  was  usually  a  good  one,  and  by 
judicious  use  of  the  roller  ^ree  or  four  more  good  prints  could  be 
obtained  without  re-inking.  For  clear  reliefs  and  quick  clean  working 
the  specimen  was  in  its  best  condition  in  the  "  as  cast "  state,  or,  ^ 
it  had  been  mechanically  treated,  in  the  "  as  forged  "  state.  It  was 
in  its  worst  condition  in  the  hardened  or  hardened  and  tempered 
state. 

Some  wonderful  pioneer  work  in  interpreting  macrostructure  had 
been  done  by  Belaiew  and  Howe.  Belaiew's  conclusions  that  the  effect 
of  any  ordinary  heat  treatment  was  negative  was  fully  confirmed 
by  Mr.  Humfrey's  statement  to  the  effect  that  even  up  to  incipient 
fusion  the  dendritic  structure  or  the  results  thereof  were  unalterable. 

The  analyses  showing  the  small  difference  in  phosphorus  content 
between  the  normal  metal  and  the  scrapings  from  the  relief  were  very 
interesting.  Apparently  Mr.  Humfrey  expected  a  greater  difference, 
but  such  was  not  necessary  because,  with  the  admitted  delicacy  of  his 
cupric  reagent,  a  small  difference  in  phosphorus  caused  a  big  etching 
difference.  In  investigating,  by  Mr.  Humfrey's  method,  a  steel  con- 
taining a  number  of  fine  ghosts,  he  (Mr.  Green)  took  the  opportunity 
of  making  analyses  both  from  tiie  normal  metal  and  from  the  actual 
ghosts.  Although  ghosts  were  supposed  to  contain  a  high  percentage 
of  phosphorus  tiie  two  analyses  showed  OtMG  and  0*067  phosphorus 
respectively. 

A  proof  of  the  delicacy  of  Mr.  Humfrey's  reagent  could  be  deduced 
from  the  fact  that  it  etched  to  perfection  the  chill  crystal  area  of  an 
ingot.  The  chill  crystals  and  the  filling  of  the  interstices  had  of 
necessity  solidified  very  quickly.  Consequently  the  phenomenon  of 
differential  solidification  had  been  stopped  to  a  great  extent,  and  so 
the  metal  was  much  more  homogeneous  than  would  be  the  case  with 
a  normal  solidification.  In  spite  of  the  resulting  small  difference 
in  composition  the  relief  was  sharply  defined  and  gave  good  prints. 
From  Uie  fact  that  chilling  did  not  appreciably  stop  dendritic  growth 
it  would  seem  that  such  a  growth  would  be  difficult  to  suppress.  Belaiew 
had  proved  that  steel  water-quenched  from  the  liquid  state  still 
exhibited,  upon  etching,  perfectly  formed  and  well-defined  dendrites. 
That  again  went  to  show  that  considerable  etching  differences  did 
not  mean  very  appreciable  differences  in  composition.  It  would  be 
interesting,  although  very  difficult,  to  obtain  information  as  to  the  rate 
of  growth  of  dendrites  in  steel  under  varying  conditions.  A  study  of 
the  rate  of  growth  of  ammonium  chloride  crystals  was  instructive  and 
showed  the  extreme  rapidity  with  which  they  could  grow. 

He  (Mr.  Green)  was  not  quite  satisfied  with  Mr.  Humfrey's  explana- 
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tion  of  the  lines  which  ran  parallel  to  the  surface  of  ingots  B  (Prints  2 
and  4).  Mr.  Humfrey  said  that  they  were  due  to  successive  skins  being 
formed  above  the  general  level  of  the  liquid,  yet  where  those  lines  were 
most  marked  was  right  at  the  bottom  of  the  ingot  (Print  2).  It  seemed 
fairly  obvious  that  a  skin  could  not  form  in  that  position  above  the 
general  level  of  the  liquid,  and  owing  to  the  mould  being  of  such  a 
small  cross  section  at  that  point  the  metal  could  not  form  a  skin  before 
any  more  metal  flowed  above  it.  Neither  did  Mr.  Humfrey's  explana- 
tion account  for  more  than  one  such  line  and  yet  in  places  there  were 
several,  nor  did  it  seem  tenable  with  the  fact  that  the  lines  were  so 
uniformly  parallel — both  with  one  another  and  with  the  ingot 
surface. 

Referring  to  Print  6,  Mr.  Humfrey  suggested  that  a  conical  piece  of 
steel  from  the  top  of  the  billet  was  pushed  right  down  in  front  of  the 
punch  "practically  without  deformation."  "Apparently  without 
deformation  "  would  have  been  more  correct.  The  writer  had  come 
across  several  instances  where  the  prevalent  direction  of  the  lines 
of  the  macrostructure  had  been  parallel  to  the  direction  in  which 
the  punching  or  forging  had  been  applied.  In  all  these  cases  the 
distortion  had  been  apparently  very  small.  On  close  examination, 
however,  it  was  found  that  such  dendrites  as  were  more  or  less  parallel  to 
the  direction  of  work  were  stunted,  whilst  others  were  greatly  elongated 
and  tended  to  twist  round  into  a  position  at  right  angles  to  the  direction 
of  the  application  of  work.  It  was  obvious  that  the  dendritic  structure 
of  a  steel  would,  on  mechanical  treatment,  tend  to  be  distorted,  so  that 
the  prevalent  direction  of  the  resulting  structure  would  be  normal 
to  the  direction  of  the  application  of  work.  Such  dendrites  or  lines  as 
were  parallel  to  that  direction  would  either  be  bent  through  an  angle 
of  about  90°  or  would  first  become  very  squat  and  then  elongate  in  a 
direction  at  right  angles  to  their  original  position. 

Did  Mr.  Humfrey  think  it  possible  to  get  a  steel  free  from  dendritic 
or  rather  casting  structure  ?  It  was  possible  to  conceive  that  an 
absolutely  pure  iron-carbon  alloy  might  be  so.  Even  then  the  casting 
structure  would  form,  but  owing  to  difEusion  of  the  carbon  during 
cooling  there  would  be  no  pseudomorph  after  the  casting  structure. 

It  was  possible  that  the  structure  resulting  from  the  distortion 
of  the  dendrites  was  beneficial  in  such  sections  as,  for  example,  girders. 
Because  of  the  work  put  upon  the  metal  the  heterogeneity  was  similar 
to  that  of  wrought  iron,  the  slag  fibres  being  replaced  by  the  greatly 
distorted  dendrites.  A  better  longitudinal  test  was  therefore  obtained 
at  the  possible  expense  of  the  cross  test,  the  difierence  being  due,  of 
course,  to  the  form  taken  by  the  macrostructure.  The  structure  was 
harmful  when  very  sharply  defined  and  when  the  minor  segregation 
was  great.  Whether  beneficial  or  otherwise,  he  (Mr.  Oreen)  considered 
that  dendrites  were  at  their  best  when  they  were  as  fine  and  small  as 
possible.  That,  of  course,  raised  the  difficult  question  of  scientific 
casting  control. 
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Mr.  N.  P.  P.  Sandberg  (London)  wrote  that  it  gave  him  great 
pleasure  to  see  that  Mr.  Humfrey's  most  valuable  process  was  now 
being  made  public  through  the  Institute.  It  had  proved  of  the  greatest 
assistance  during  the  war  when,  as  Director  of  Inspection  of  Steel 
in  the  Ministry  of  Munitions,  he  was  frequently  called  on  to  investigate 
defects  and  faults  in  shell  steel,  and  shell  and  gun  forgings.  The 
extreme  delicacy  of  detail  in  Mr.  Humfrey's  method  frequently  gave 
his  department  the  necessary  clues  to  the  solution  of  problems  which 
other  processes  had  failed  to  solve.  Referring,  for  example,  to  Print  6 
and  Fig.  5,  longitudinal  sections  of  shell  forgings  might,  after  surface 
polishing,  appear  perfectly  sound  and  homogeneous  to  the  eye,  but 
would  show  the  presence  of  a  ''  cone  "  upon  a  sulphur  print.  Only, 
however,  after  etching  by  Mr.  Humfrey's  method  was  the  structure 
of  the  cone  revealed,  showing  its  entirely  different  formation  from 
that  of  the  surrounding  mass,  and  confirming  its  creation  and  presence 
as  an  automatic  temporary  nose-tip  to  the  punch  conforming  to  the 
flow-lines  of  the  surrounding  metal.  « 

The  process  should  prove  of  inestimable  value  to  steel-makers 
and  engineers  generally,  and  particularly  as  suggested  by  Mr.  Saniter, 
in  showing  whether  the  metal  in  forgings  was  being  made  to  flow  to 
the  best  advantage. 

Mr.  E.  H.  Sumner  (London)  wrote  that  with  reference  to  Mr* 
Humfrey's  most  interesting  paper  some  points  in  connection  with 
''  Case  III."  called  attention  to  a  serious  defect  resulting  from  the 
use  of  flat-faced  punches  in  the  forging  of  shell  blanks.  It  had 
frequently  been  observed  that  a  flat-nosed  shot  would  penetrate 
freely  into  a  bank  of  clay,  and  that  was  accounted  for  by  assuming- 
that  on  striking  the  clay  the  shot  formed  for  itself  a  clay  nose  which 
enabled  it  to  drive  into  the  mass  with  a  minimum  of  friction. 

In  forming  shell  blanks  with  a  pointed  or  round-nosed  punch  the 
heated  metal  of  the  bloom  was  steadily  dispfaced  by  the  punch  through- 
out its  passage,  but  the  action  of  a  flat-faced  punch  was  similar  to 
that  of  the  shot  above  referred  to.  On  coming  in  contact  with  the 
bloom  the  punch  appropriated  the  necessary  metal  to  form  a  suitable 
nose  with  which  it  then  proceeded  to  displace  the  metal  in  its  path 
until*  the  end  of  its  stroke,  and,  on  being  withdrawn,  left  the  extem- 
porised nose  at  the  bottom  of  the  cavity.  Moreover,  it  would  appear 
that  the  slip  of  the  metal  around  that  false  nose  destroyed  cohesion, 
and  consequently  the  nose-piece  might  be  likened  to  a  separate  piece 
of  metal  which  at  best  might  become  welded  to  the  mass,  but  was 
frequently  only  partially  welded  thereto  or  even  quite  loose. 

The  accompanying  photographs  illustrated  clearly  the  effect  of 
ihe  punches.  They  were  obtained  from  plaster  of  Paris  cylinders 
having  the  upper  portion  coloured  by  the  admixture  of  red-lead, 
punched  while  in  a  plastic  condition,  allowed  to  set  hard,  and  then 
sectioned  (Pig.  C,  Plate  XL). 
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Mr.  J.  C.  W.  HuMFREY,  in  reply,  wrote  that  he  greatly  appreciated 
the  discussion  and  correspondence  to  which  his  paper  had  given  rise, 
especially  in  the  case  of  contributors  who  stated  that  the  methods 
described  had  been  of  value  to  them  in  investigating  practical  problems 
in  works.  He  had  not  been  aware  that  direct  contact  printing  from 
etched  surfaces  had  been  previously  described  and  practised  by  Dr. 
Sorby.  Probably  if  he  (Mr.  Humfrey)  had  known  that  it  would  have 
helped  him  considerably  in  his  early  experiments. 

.  In  replying  to  the  various  points  raised,  it  would  perhaps  be  more 
convenient  to  deal  with  them  under  subject  headings,  than  to  discuss 
the  remarks  of  each  contributor  in  turn. 

The  Etching  Solution, — ^The  acid  cupric  reagent  described  was 
adopted  after  numerous  trials  with  various  formuke,  including  some 
containing  ferric  chloride,  similar  to  those  described  by  Messrs.  Whiteley 
and  Dickenson.  While  the  etching  was  possibly  quicker  with  such 
modifications  of  Rosenhain's  reagent,  the  difficulty  of  removing  the 
copper  was  found  to  be  greater,  and  generally  they  were  not  under  such 
complete  control.  He  was  inclined  to  think,  also,  that  they  were  not 
quite  so  sensitive  in  revealing  the  finer  details  of  the  structure, 

Neutral  copper  anmionium  chloride  solution  (Hejm's  reagent), 
at  least  when  used  for  plain  carbon  steels,  was  not  considered  a  very 
satisfactory  reagent,  especially  for  the  production  of  prints;  its 
selective  action  was  slight,  and  the  relief  effects  were  (as  stated  by  Mr. 
Ellis)  only  obtained  with  very  prolonged  attacks,  thus  leading  to  waste 
of  time  and  solution.  With  alloy  steels  containing  chromium,  Heyn's 
reagent  would  produce  relief  effects  fairly  quickly,  but  offered  very 
little  advantage  over  nitric  acid,  and  was  decidedly  more  expensive. 

Technique, — There  was  no  doubt  that,  in  order  to  obtain  successful 
etchings  and  prints,  a  good  deal  of  patience  was  necessary  until  the 
small  details  of  the  process  were  understood.  The  original  prepara- 
tion and  finish  of  the  surface  were  frequently  a  source  of  difficulty ; 
and — as  mentioned  by  Mr.  Saniter — ^in  the  case  of  large  specimens 
somewhat  expensive.  The  false  results  Mr.  Saniter  referred  to  weie 
usually  found  to  arise  from  dry  grinding  or  similar  forms  of  surface 
distortion,  or  from  the  use  of  a  solution  containing  too  much  acid. 
In  the  former  case  a  preliminary  etching  with  nitric  acid  or  the  neutral 
reagent  always  gave  a  clear  indication  of  the  defects,  and  the  acid 
cupric  reagent  should  not  be  employed  until  they  had  been  etched  away. 
The  general  routine  procedure  for  macro  examination  (of  sulphur 
printing,  etching  with  nitric  acid,  and  finally  with  an  acid  reagent), 
such  as  described  by  Messrs.  Green  and  Dickenson,  was  certisunly 
the  most  useful,  and  had,  indeed,  been  constantly  followed  in  his 
(Mr.  Humfrey's)  laboratory. 

The  Origin  of  Macro-Structure. — ^As  stated  in  the  paper,  the  author 
agreed  with  many  of  the  contributors  that  it  was  unwise  at  the  present 
time  to  lay  down  definitely  what  were  the  elements  whose  unequal  dis- 
tribution was  responsible  for  the  effects  produced  by  acid  cupric  reagents 
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His  views  on  that  subject  were  similar  to  those  so  clearly  expressed 
by  Dr.  Rosenhain.  Two  properties  would  appear,  as  Dr.  Rosenhain 
stated,  to  be  essential,  viz.  (1)  that  of  existing  in  solid  solution,  and 
(2)  that  of  only  diffusing  at  a  very  slow  rate.  The  first  consideration 
would  appear  to  rule  out  sulphur.  While  that  impurity  was  known 
to  be  distributed  in  practically  the  same  manner  as  those  which  did 
influence  the  action  of  acid  cupric  reagents  {vide  Print  5  and  Fig.  4), 
and  indeed  might  be  in  relatively  higher  proportions  in  the  segregated 
areas  than  say  phosphorus,  the  fact  that  it  was  present  in  isolated 
particles,  and  not  in  solid  solution,  must  prevent  it  taking  part  in  the 
wonderfully  graduated  action  which  occurred.  The  second  considera- 
tion ruled  out  carbon,  except  in  the  case  of  alloy  steels  in  which  special 
carbides  were  formed  having  relatively  slow  rates  of  diffusion.  In  such 
steels  the  neutral  reagent,  or  even  nitric  acid,  would  produce  marked 
relief  etching. 

In  reply  to  Dr.  Hatfield,  that  unequal  distribution  of  carbides  in 
dendritic  form  could  frequently  be  seen  in  micro-sections  etched  with 
picric  acid,  and  was  also  revealed  by  the  effects  of  strain  ;  bender  test 
pieces  from  nickel  chrome  forginga  were,  for  example,  frequently  marked 
all  over  the  strained  surfaces  with  a  distinct  dendritic  pattern  in  low 
relief. 

Dr.  Stead  was  mistaken  in  saying  that  macrographs  made  by  the 
method  described  were  the  reverse  of  sulphur  prints  as  regards  light 
and  dark  areas.  In  both  cases  the  segregated  areas  appeared  dark 
(fnde  Print  5  and  Pig.  4). 

Examples,  Case  I. — ^Messrs.  Whiteley  and  Green  were  not  prepared 
to  accept  the  author's  explanation  of  the  skin  seen  round  ingot  B, 
but  did  not  offer  any  alternative  explanation  beyond  chilling.  If 
such  an  effect  were  to  be  ascribed  entirely  to  the  chilling  influence  of 
the  mould,  it  would  be  difficult  to  understand  why  its  presence  should 
not  be  universal,  instead  of  being  confined  to  the  case  of  certain  ingots 
in  which  other  results  of  rapid  pouring,  such  as  bad  surface,  were 
also  present.  The  chilling  effect  of  the  mould  upon  a  steadily 
rising  colunm  of  liquid  steel  must  necessarily  be  continuous,  and  would 
only  result — as  it  had  done  in  the  case  of  ingot  A,  in  dendrites  starting 
immediately  at  the  surface  and  growing  uniformly  inwards.  The 
skin  in  ingot  B  indicated  a  definite  discontinuity  in  the  solidification, 
marked  by  the  line  of  purer  metal  separating  it  from  the  well-developed 
dendrites  within.  The  whole  appearance  suggested  that  the  surface 
of  the  skin  presented  a  definite  and  sudden  chill  to  the  main  mass  of 
metal,  and  therefore  to  the  view  that  that  surface  had  been  cooled 
by  exposure  to  the  air  or  other  causes  before  the  main  mass  of  metal 
came  in  contact  with  it.  One  was  therefore  led  to  the  idea  that  the 
skin  represented  metal  splashed  or  surged  above  the  mean  rising  level, 
which  had  solidified  before  it  became  submerged.  Molten  metal 
originally  striking  the  base  of  the  mould  would  be  thrown  out  sidewajrs 
and  woi^d  produce  a  similar  if  not  more  decided  skin  over  the  bottom ; 
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while  both  on  the  sides  and  bottom  the  surging  might  result  in  a  series 
of  such  skins  being  formed  before  submergence  was  complete.  Thus  the 
fact  that  a  series  of  lines  were  present  in  certain  places  (chiefly  round 
the  bottom)  did  not  negative  the  explanation  advanced. 

He  (Mr.  Humfrey)  was  unable  to  follow  Mr.  Whiteley's  distinction 
between  a  "  granular  *'  and  a  dendritic  casting  structure.  The  den- 
drites— according  to  the  direction  and  spacing  of  the  isothermal  lines — 
might  be  either  equiaxial  or  elongated,  but  he  had  never  examined 
any  cast  steel — even  small  1*  trial  ingots,  cast  in  a  heavy  chill — in 
which  the  tree-like  inner  formation  of  both  types  was  not  clearly 
revealed  by  suitable  etching. 

It  was  suggested  that  the  case  of  the  cast  steel  cogging  mill  guide 
described  by  Mr.  Whiteley  might  have  been  caused  by  double  pouring, 
the  portion  described  as  **  granular  "  being  poured  first,  and  allowed 
to  solidify  and  grow  practically  cold  before  the  remainder  was  intro- 
duced, to  which  it  would  then  act  as  a  chill. 

Case  III. — Several  contributors  to  the  discussion  had  expressed 
doubts  as  to  the  theory  that  the  cone  formation  in  the  base  of  a  punched 
shell  blank  was  due  entirely  to  the  action  of  a  flat-nosed  pimch.  He 
would  suggest  that  a  little  time  spent  upon  a  few  simple  model  experi- 
ments with  plasticine  or  some  similar  substance  would  soon  dispel 
those  doubts.  The  results  of  a  few  such  experiments  were  illustrated 
in  the  accompanying  photograph  (Plate  XIa)  and  might  be  used  to 
discuss  several  interesting  points  arising  out  of  the  process.  The 
blanks  "  A  "  and  "  B  "  were  forged  with  a  flat-nosed  punch  and 
the  blanks  "  C  "  and  "  D  "  with  a  conical-nosed  punch.  In  the  case 
of  "  A  "  and  "  C  "  the  "  billet "  was  made  of  layers  of  different  coloured 
plasticine  arranged  parallel  to  the  axis,  in  the  case  of  "  B  "  and  *'  D  " 
the  layers  were  originally  at  right  angles  to  the  axis.  The  correspon- 
dence between  the  distortion  of  the  originally  vertical  layers  in  "  A  '* 
and  the  author's  original  (Fig.  5b)  was  complete ;  while  it  would  be  seen 
that  in  "  C  "  the  distortion  had  proceeded  in  an  entirely  different  fashion, 
and  the  result  was  clearly  comparable  with  Print  7.  "  B  "  and  "  D  ** 
brought  out  several  points  which  could  not  be  so  easily  deduced  from 
the  previous  illustrations.  The  most  important,  and  one  upon  which 
it  appeared  to  him  (Mr.  Humfrey)  that  several  contributors  had  gone 
astray,  was  the  fact  that  neither  with  the  flat  nor  the  conical-nosed 
punch  was  there  any  sign  of  discontinuous  shear  having  occurred  be- 
tween any  two  surfaces  within  the  "  steel  "  itself,  such  as  would  neces- 
sarily take  place  between  the  surfaces  of  steel  and  punch.  In  both 
cases,  for  example,  the  top  layer  had  remained  unbroken — though  in 
places  very  attenuated — and  the  interiors  of  the  punched  cavities  were 
entirely  and  completely  lined  with  the  white  plasticine  used  for  the 
top  layer.  The  difference  in  a'ction  between  the  two  forms  of  punch 
chiefly  affected  the  position  at  which  the  maximum  axial  compression 
occurs  in  relation  to  the  base  of  the  cavity.  With  the  conical  form  the 
maximum  compression  occurs  practically  coincident  with  the  face  of 
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the  punch,  but  with  the  flat  form  it  occurs  some  distance  below  it. 
The  position  of  maximum  axial  compression  with  a  flat-nosed  punch 
was  noted  in  the  original  paper,  and  as  there  stated  was  the  peculiar 
deformation  of  the  axial  action  which  was  the  cause  of  loose  cones 
resulting  from  unsound  billets.  In  the  case  of  a  sound  billet  the  cone 
formation  would  necessarily  occur  in  a  precisely  similar  fashion,  but 
the  formation  was  purely  a  matter  of  the  direction  of  the  minor  segre- 
gates and,  apart  from  a  possible  tendency  for  the  steel  to  fracture 
more  easily  along  their  length,  could  not  be  considered  as  particularly 
harmful. 

Mr.  Sumner,  in  spite  of  his  experiments  with  plaster,  would  app^r 
to  hold  the  Tiew  that  a  deflnite  mass  of  metal  adhered  to  the  front  of  a 
flat-nosed  punch,  and  was  then  bodily  sheared  through  the  remainder 
of  the  billet.  He  (Mr.  Humfrey)  was  convinced  that  no  such  action 
occurred,  and  therefore  that  Mr.  Sumner's  fears  as  to  the  welding  up 
of  the  cone  to  the  base  did  not  arise,  since,  provided  the  billet  were 
sound,  the  two  were  never  parted.  He  (Mr.  Humfrey)  was  inclined 
to  extend  that  view  to  the  case  of  extrusion  described  by  Dr.  Rosen- 
hain.  In  that  case  the  action  of  the  square-fronted  die  was  not  that 
the  metal  adjoining  it  formed  a  definite  stationary  natural  shape  through 
which  the  remainder  flowed  as  through  a  nozzle,  but  that  it  acted  by 
eliminating  all  such  discontinuous  shear,  whether  between  either  die 
and  metal  or  between  two  surfaces  of  metal,  and  replaced  it  by  uniform 
flow  in  the  metal  itself.  The  whole  of  the  metal  in  the  billet  underwent 
deformation,  and  it  would  be  found  that  if  an  extrusion  experiment 
were  performed  with  a  plasticine  billet  made  up  like  those  in  "  B  " 
and  ''  D  "  then  right  up  to  the  end  of  the  stroke  the  extruded  metal 
would  be  sheathed  in  a  complete  external  layer  of  the  material  which 
was  originally  adjacent  to  the  die. 

In  the  case  of  both  shell  punching  and  extrusion,  the  conical  form 
resulted  in  motion  and  friction  between  surfaces  of  hot  metal  and  cold 
punch  or  die,  while  the  square  form  practically  eliminated  such  motion 
and  transferred  it  to  the  microscopical  slip  surfaces  (or  other  mode  of 
deformation)  in  the  interior  of  the  metal  itself.  One  necessary  dis- 
tinction should  however  be  drawn  between  the  two  cases: — In  ex- 
trusion the  mechanical  advantages  of  the  square-faced  die  probably 
outweighed  the  particular  disadvantages — if  any  such  occurred — result- 
ing from  the  nature  of  the  deformation  applied  to  the  billet,  and  its 
influence  upon  the  macro  structure  of  the  extruded  bar.  In  shell 
punching,  however,  one  was  faced  with  the  unavoidable  consequence 
that  a  flat-nosed  punch  would  result  in  a  loose  cone  in  all  unsound 
billets,  and  since  with  the  best  of  intentions  such  unsound  billets  could 
not  invariably  be  discovered  before  forging,  it  would  appear  preferable 
to  accept  the  mechanical  disadvantages  of  the  conical  punch  as  the 
lesser  evil. 
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THE  MANUFACTURE  AND  WORKING  OF 
HIGH-SPEED  STEEL. 

Bt  J.  H.  ANDREW,  D.So.  (Chibf  of  thb  Mstalluroioal  Bssbaroh  Dbpabt* 
MXST,  Sib  W.  G.  Aemstboko,  Whitwobth  &  Co.  Ltd.,  Opbnshaw), 

Q.  W.  GREEN  (Absistakt  ih  ths  Mstalluroioal  Rbssahoh  Dbpabtmxst, 
Si&  W.  G.  Abhstsono,  Whttwobtk  &  Co.  Ltd.,  Ofsnshaw). 

Upon  the  theoretical  side  of  high-speed  steels  information  is 
not  lacking,  Osmond,  Bohler,  Arnold,  Carpenter,  Edwards, 
Swinden,  Honda,  Yatsevitch,  and  others  have  dwelt  at  some 
length  upon  the  question  of  tungsten  and  chrome  tungsten  steels 
from  a  scientific  standpoint.  The  only  papers,  as  far  as  the 
authors  are  aware,  dealing  with  the  subject  from  a  practical  point 
of  view  are  those  of  Taylor- White  and  J.  M.  Gledhill. 

It  was  thought  that  it  imp;ht  be  of  some  interest  to  present  an 
account  of  more  recent  practice  of  high-speed  steel  manufacture. 

In  this  paper  an  attempt  is  made  to  show  the  practical  apphca- 
bility  of  scientific  methods  to  high-speed  steel  practice,  following 
through  the  steel  from  the  state  of  ingot  to  the  finished  tool,  and 
to  show  the  changes  that  are  brought  about  by  the  varying 
treatments. 

The  paper  itself  deals  with  four  particular  ingots  of  A.W. 
steel  which  were  followed  through  every  process,  observations 
being  made  of  times  and  temperatures  of  carrying  out  each 
particular  operation,  along  with  a  micro  examination  of  the  steel 
after  each  successive  treatment.  The  ingots  chosen  for  this 
purpose  were  6-inch  square  chills  about  8  feet  in  length. 

It  must  be  stated  that  the  figures  given  represent  the  practice 
as  carried  out  at  the  Openshaw  Works  of  Sir  W.  6.  Armstrong, 
Whitworth  &  Co.  Ltd. 

In  order  to  present  all  the  phases  occurring  in  the  practical 
working  of  the  steel  it  was  decided  to  treat  all  four  ingots  in 
(lifferent  fashions. 
J919-i.  3? 
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A  table  representing  the  operations  undergone  by  the  ingots ' 
that  were  followed  is  given  below  and  on  p.  807 : 


Inif(49  (6  ineh9i  tjuare)  Al,  A2,  and  AZ, 


Annealed  i 


J. 


ezuniiMd. 


J 


Cogged  down  to  3|  inches  square. 

Billet  out  into  two  and     fAlT    A2T    A3T 
examined.  iAlB    A2B    A3B 
I 


Billets  AIT.  A2B,  A3B 
again  cut  into  two. 
(AIT  A2B  A3B 
UlY    A2Y    A3Y 


BiUets 
AlB.  A2T,  A3T. 


AIT,  A2B,  A3B. 

Cogged  down  to  1|  inch 
square  and  examined. 

AIT.  A2B,  A3B. 
Tilted  down  to 
1^  inoh  square. 


B,A2T.i 


AlB,  A2T.  A3T. 

RoUed  to  2i 
inches  square  and 
examined. 

I  Cut  into  two. 


AIY,  A2Y,  A3Y. 
Cogged  down  to 
If  inch  square. 


AIY.  A2Y,  A3Y. 
Rolled  down  to 
1^  inch  round. 


Small  billets 

AlB,  A2T.  A3T. 

All  rolled  to 

1^  inoh  round. 


Examined. 


AlBx.  A2T«, 
A3Tx 


AlltUtedto 
1^  inoh  square. 


Examined. 


Annealed  for 

maohininflr  and 

ground. 


tied  for 
machining  and 
grouncL 


All  tools  made  from  the  abore  hardened  and  put  into  service. 

In  order  to  make  it  easier  to  follow  the  various  data  obtained 
during  the  operations  of  mechanical  and  heat  treatment  of  these 
ingots,  the  results  have  been  tabulated  under  different  heads. 
The  separate  tables  will  only  be  dealt  with  briefly  as  they  are 
self-explanatory. 

The  pyrometer  used  was  the  Cambridge  optical,  standard- 
ised by  the  National  Physical  Laboratory.  This  pyrometer  was 
found  in  practice  to  yield  exceedingly  reliable  and  concordant 
results,  the  results  being  slightly  on  the  low  side  owing  to  the 
impossibiUty  of  obtaining  perfect  black  body  conditions. 
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A  comparison  made  between  the  pyrometer  in  question  and 
a  calibrated  thermocouple  working   in  connection  with  a  Paul 


Ingoi  A4. 

Cast 
Annealed. 
Examined. 
Fractoied. 
Forged  to  3|  inohes  square. 
Examined. 
Cat  into  two  pieces. 


A4T 


A4B 


C<w^ed  down 

to  IjTmoh  square. 

Examined. 


Rolled  to 

2^  inches  square. 

Examined. 


Tilted  to  H  inch  square. 


Rolled  to  1^  inch  round. 


Examined. 


Annealed. 

Ifacnined. 

Hade  into  tools. 

Hardened. 


indicator,  gave  the  following  results,  and  shows  that  a  correction 
of  plus  20°  C.  is  required  when  employed  for  furnace  temperatures. 


Temperatures  taken  in  Water-coded  Port 
of  Basic  Open-hearth  Furnace. 

Temperatures  taken  in  Tool  Steel  Harden- 
ing Furnace. 

Optical. 

Thermocouple. 

Correction 
for  Optical. 

Optical. 

Thermocouple. 

Correction 
for  OpticaL 

Degrees  C. 
1100 
1140 
1216 
1240 
1300 
1340 

Degrees  a 
1120 
1160 
1230 
1266 
1320 
1366 

Degrees  C. 
+  20 
+  20 
+  16 
+  16 
+  20 
+  20 

Degrees  C. 
1130 
1130 
1140 
1110 

Degrees  a 
1160 
1166 
1160 
1140 

Degieesa 
+  20 
+  26 
+  20 
+  30 

The   above   temperature  comparisons   are  representative  of 
a  large  number. 
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In  the  case  of  forging  temperatures,  according  to  Burgess,  a 
slight  correction  of  about  20°  C.  must  be  made.  All  temperatures 
recorded,  however,  are  those  actually  observed. 

In  coal-fired  furnaces,  owing  to  the  smoky  conditions  pre- 
vailing, no  attempts  were  made  at  temperature  determinations. 


Cabtinq  Data. 

After  dead  melting  the  metal  from  several  pots  was  trans- 
ferred into  a  ladle,  from  which  it  was  teemed  directly  into  the 
mould  (top  cast). 

The  temperatures  of  casting  are  naturally  subject  to  various 
corrections,  the  temperatures  taken  in  the  pots  being  approxi- 
mately correct.  The  temperatures  of  the  metal  in  the  ladle,  on 
account  of  the  surface  not  approaching  black  body  conditions, 
are  decidedly  low,  whilst  the  usual  troubles  from  fume  and 
emissivity  errors  are  not  accounted  for. 

The  temperatures  are,  however,  comparative. 

The  data — Table  I. — serve  to  show  the  great  uniformity 
obtained  in  casting  temperatxure.  Moreover,  the  annealing  given 
to  the  ingots  immediately  after  stripping  showed  remarkable 
uniformity. 

The  annealing  was  carried  out  in  a  gas-fired  furnace. 

Ingot  A4  was  the  only  one  from  which  a  piece  could  be  got 
suflScient  for  examination.  The  type  of  fracture,  microstructure, 
and  macrostructure  are  given  in  the  last  column  of  the  table, 
whilst  the  photomicrographs  1  to  8  are  taken  from  different  parts 
of  the  annealed  ingot,  and  afford  some  interesting  data  which 
will  be  considered  separately. 


MiOKOSTRUCTUBE    OF    GaST    InGOTS    AFTER    BEING 

Annealed.    (Plate  Xll.) 

Micro  1  is  the  structure  near  to  the  edge  of  the  ingot.  Micro  2 
is  taken  at  1  inch  from  the  surface. 

The  white  parts  of  these  micros  consist  of  the  exceedingly 
hard  double  carbide  of  tungsten  and  iron  (or,  maybe,  treble 
carbide  of  iron,  chromium,  and  tungsten).    It  is  seen  that,  near 
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to  the  edge,  these  carbide  envelopes  are  moderately  fine  and 
surround  the  small  crystal  grains.  Towards  the  centre  the  grains 
increase  in  size,  whereas  the  carbide  envelopes  become  more 
massive  ;  right  in  the  centre  of  the  ingot  they  are  of  considerable 
size.  At  certain  places  in  the  centre  of  the  ingot  segregation  of 
this  carbide  is  apparent,  as  is  shown  in  Micro  8. 

Micro  No.  4  was  taken  at  the  extreme  edge  of  the  ingot.  It 
shows  on  this  section  an  excessive  carbide  segregation.  It  is 
seen  that  this  segregate  ends  very  abruptly,  and  its  place  is  taken 
by  an  exceedingly  fine  and  homogeneously  distributed  structure. 
No.  5  is  taken  a  Uttle  way  from  the  edge  and  shows  the  dendritic 
structure  exceedingly  well. 

The  conclusions  to  be  drawn  from  these  micros  are :  firstly, 
that  on  the  extreme  edge  excessive  carbide  segregations  occur. 
Nearer  in  than  this,  a  fine  structure  persists,  whilst  in  the  centre 
of  the  ingot  the  usual  coarse-grained  structure  with  the  thick 
walls  of  carbide  is  prevalent.  It  will  be  interesting  to  follow  up 
this  structure  and  to  observe  how  it  is  broken  up  by  mechanical 
work. 


Cogging  Down  op  Ingot  to  8J-inch  Square  Billet. 

The  ingot  after  casting  and  annealing  was  cogged  down  to 
3J  inches  square  under  a  80-cwt.  hammer  and  about  10  per  cent, 
of  the  head  cropped  off.  The  results  of  the  observations  taken 
in  this  operation  are  given  in  Table  II.  Previous  to  the  actual 
working  of  the  metal  the  ingots  were,  before  finally  heating  up 
for  the  forging  operation,  preheated  in  a  gas  furnace,  being  allowed 
about  twenty-four  hours  to  attain  a  temperature  of  about  820^  C. ; 
they  were  then  immediately  transferred,  without  cooling,  to  a 
coal-fired  reheating  furnace,  where,  after  a  period  of  four  to  five 
hours,  they  attained  a  temperature  of  about  1170°  C.  The  time 
taken  in  forging  varied  between  very  small  limits,  and  on  an 
^  average  was  about  4J  minutes.  The  final  temperature  after  all 
work  was  done  was  approximately  1000°  C.  After  this,  as  after 
every  other  operation,  the  billet  was  examined  and  any  cracks 
apparent  were  gouged  out  by  means  of  steel  gouges.  The 
type  of  fracture  and  microstructure  are  shown  in  the  last  two 
columns. 
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T?ABLE    ] 

[I. — Cogging  down  of  Ingot  to  ^-inch  Square 

Biaa. 

No. 

IVeheating. 

Reheating. 

Forging  Operation. 

'^^ 

Fracture. 

1 

il 

1 

1 

II 

1 
1 

Hicrostruoture. 

Hn. 

•c. 

Hn. 

^'C. 

Min. 

"C. 

''C. 

°c. 

Al 

84 

820 

4i 

1180 

B.6i 

1160 

107C 

»  060 

^^T- 

At  the  outside  the  grain 

size  is  small  but  it 

almost    decomposed. 

T.3i 

1136 

1080  1060 

No 

gradually  enlarges  to- 

Acicular     structure. 

cr 

wards      the     oentre. 

The  carbide  envelopes 

where  it  is  very  coarse 

of  the  cast  structure 

Very 

and    typical    of   the 

have  been  elongated. 

little 

overheated  tool  steel. 

as  also  have  the  car- 

grinding. 

bide  segregations. 
Near  the  surface  the 
envelopes  have  been 
almost  completely 
broken  up. 

A2 

4 

820 

0 

1170 

B.4 

1146 

1060 

1006 

Good. 
1  googe. 

B.  At  the  outside  the 
grain     size    is    very 

Ground-mass  of  de- 
composing anstenite. 

T.3| 

1146 

1090 

1030 

Go^ 

liU^ 

small  and  gradually 
enlarges  towards  the 

The  grains  are  small 
butweUdefined.    The 

centre,    but    at    the 

carbide    envelopes  of 

grinding 

centre  is  a  very  del- 

(1  inch  diam.)  which 
is  much  finer  than  the 
rest. 

T.  Round  the  outside 
of  the   fracture   the 
grain  size  is  very  small 

the  centre. 

the  cast  structure  are 
elongated.  Near  the 
surface  the  grain  en- 
velopes are,  to  a  large 
extent,  obliterated. 

A3 

24 

820 

H 

1180 

B.4| 

1160 

1070 

1020 

Good. 

B.  Fracture    fine 

Austenite     decompos- 

T.4 

1166 

10761000 

Good. 

throughout    Crystal- 

ing.   The     austenite 

line. 

grains  are  small  and 

T.   Bound    the    sides 

well  defined,  and  the 

the  fracture  is  fine  and 

acicular  structure  of 

grain  size  small,  but 

the       decomposition 

towards  the  centre  it 

product  is  sparse  and 
fine.    The  carbide  en- 

enlarges. 

velopes  are  elongated. 

Near  the  surface  the 

srain  envelopes  are 
broken  up  to  a  great 

extent 

A4 

18 

760 

Ihr. 

iieo 

B.6 

1100 

1020 

980 

Good. 

B.andT.  Fine  crystal- 

Austenite decomposing 
irregularly ;      hardly 

23 

T.4| 

111010801 

1040 

4  gouges. 

line  at  both  ends  with 

FftirT 

no    enlargement    of 
grain    size     to    the 
centre. 

taken  place  near  the 
grain  boundaries, 
which  are  elongated. 
Grain         boundaries 

broken  up  near  the 

surface. 
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MlGROSTRUCTXTBE    OF   SJ-INCH   SqUABE    BiLLETS. 

Micro  6  shows  the  structure  near  to  the  surface,  where  the 
carbide  envelopes  are  seen  to  be  well  broken  up.  Nearer  to  the 
centre  of  the  ingot,  however,  where  the  carbide  envelopes,  due 
to  the  slower  cooling,  are  thicker,  they  assume,  after  this  treat- 
ment, varying  shapes,  and  are  most  uniformly  distributed. 

Micro  7  indicates  the  appearance  assumed  by  these  carbide 
segregations  and  No.  8  appearance  of  carbide  envelopes,  em- 
bedded as  they  mostly  are  in  a  ground-mass  of  semi-decom- 
posed material. 

Occasionally  one  comes  across  a  patch  entirely  free  from 
these  carbides  and  almost  austenitic  in  structure.  It  was  noted 
that  in  nearly  every  case  near  to  the  carbide  segregation  there 
existed  these  patches  of  undecomposed  material  (see  Micro  8). 

CooGiNG  Down  from  8^  Inohes  to  1|  Inches. 
(Table  III.) 

After  cutting  into  two  the  8J-inch  square  billets,  they  were 
aired  under  the  fire-bars  and  finally  charged  into  a  coal-fired 
furnace.  No  definite  time  can  be  given  for  soaking,  the  times 
varying  according  to  the  ability  of  the  forge  to  cope  with  them ; 
nor  was  it  possible  in  any  of  the  operations  carried  out  in  the 
coal-fired  furnace  to  get  any  reasonable  temperature  measure- 
ments. Here  again,  as  in  all  previous  cases,  a  glance  at  Table  III. 
will  show  the  great  uniformity  of  the  temperatures  employed  and 
the  times  in  forging. 

After  forging  one  end  the  other  end  was  charged  into  the 
furnace,  followed,  of  course,  by  a  similar  forging. 

All  the  forgings  followed  through  were  exceedingly  good- 
Forging  was  carried  out  under  a  1-ton  hammer. 

It  must  be  remarked  in  passing  that  the  term  "  over-heating  " 
in  the  fracture  column  is  used  to  describe  a  typical  kind  of  fracture 
common  to  overheated  steel ;  it  does  not  mean  that  the  bars 
in  question  were  overheated,  but  is  merely  used  to  describe 
large  grain  size. 

Two  microstructures  are  shown  of  bars  after  this  operation, 
namely,  Nos.  9  and  10.    From  Micro  9  it  is  seen  that  the  carbide 
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envelopes  had  become  more  laminated  and  broken  up  by  this 
forging,  whilst  occasionally  one  came  across  a  case,  as  depicted 
in  Micro  10,  of  a  semi-decomposed  austenite. 


BoLLiNG  FBOM  8|  Inohes  Squabe  TO  2|  Inohes  Squabe. 

(Table  IV.) 

In  all  the  rolling  operations  the  bars  were  heated  in  a  coal- 
fired  furnace,  being  taken  out  of  the  furnace  at  a  temperature 
of  approximately  1100°  C.  The  total  time  taken  for  rolling 
was  generally  less  than  a  minute,  about  ten  passes  being  carried 
through  in  this  time.  The  final  temperature  after  the  last  pass 
was  in  the  vicinity  of  1050°  C. 

Microstructures  11  to  18  inclusive  show  the  effect  upon  the 
carbide  envelopes  of  this  reduction.  It  is  seen  th^t  whereas  they 
lack  the  absolute  straightness  in  direction  of  the  If-inch  and  1 J- 
inch  square  and  round  billets,  the  extreme  curvature  existing 
in  the  S^-inch  square  billets  is  absent  from  these,  whilst  near  to 
the  surface  the  carbide  envelopes  are  almost  entirely  broken  up. 

A  reduction  from  6  inches  square  to  2^  inches  square  may  be 
looked  upon  as  a  critical  reduction,  a  reduction  less  than  this 
being  insufficient  to  entirely  elongate  and  break  up  the  carbide 
envelopes,  whilst  a  greater  reduction  will  bring  this  about. 


l|-iNOH  Squabe  and  Bound  Billets. 

After  the  last  operation  the  bars  are  either  rolled  or  tilted 
to  1^  inch  round  or  square.  The  data  of  these  operations  are 
shown  in  Tables  V.  and  VI. 


MiCBOSTBUOTUBE   OF   1^-INOH  SqUABE   AND   BoUND   BiLLETS. 

As  to  whether  the  work  has  been  carried  out  through  the 
rolls  or  upon  the  hammer  appears  to  make  little  or  no  difference 
to  the  microstructure — the  net  effect  of  any  reduction,  however 
performed,  being  to  elongate  and  eventually  break  up  the  carbide 
envelopes. 
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Micros  14  and  15  show  how  completely  these  carbide  lamina- 
tions are  broken  up  and  elongated  after  a  reduction  to  this 
size. 

Having  followed  out  in  detail  a  series  of  observations  particular 
to  one  forging  it  is  unnecessary  to  dwell  at  any  length  upon  some 
of  the  other  operations  involved  whertf  the  mechanical  work 
slightly  differs,  the  tables  at  the  end  being  self-explanatory  and 
quite  simple  to  follow.  Moreover,  it  is  always  found  that  the 
microstructures  of  the  f orgings  depend  entirely  upon  the  reduction 
and  in  no  way  differ  in  the  rolled  or  forged  bars,  providing  that 
the  reduction  is  the  same  in  both  cases. 

After  reducing  the  diameter  to  1^  inch  the  bars  are  subjected 
to  an  annealing  treatment,  which  consists  of  simply  heating 
the  bars  up  to  a  temperature  of  900"^  C,  keeping  that  heat  for 
sufficient  time  to  soak,  slowly  cooling  to  700°  C,  and  then  allowing 
the  bars  to  cool  on  the  floor.  After  this  treatment  they  are 
perfectly  soft  and  machinable,  they  are  then  cut  to  length,  and 
either  machined  or  forged  according  to  the  type  of  tool  to 
be  made. 

The  old  practice  was  to  heat  up  to  800°  C.  in  twenty-four  hours, 
then  damp  the  furnace  off  from  three  to  six  hours,  and  finally 
the  bars  were  allowed  to  cool  down  during  the  next  thirty-six  or 
more  hours.  It  is  thus  seen  that  an  annealing  which  required 
about  three  whole  days  to  complete  has  now  been  replaced  by 
one  which  requires  at  the  most  only  six  to  twelve  hours.  The 
advantage,  moreover,  of  this  process  of  annealing  is  that  it  differs 
from  the  old  one  in  so  much  as  it  refines  the  structure  of  the 
steel,  a  temperature  of  900°  G.  being  above  the  critical  point 
on  heating ;  it  is  not  therefore,  as  in  other  cases,  merely  a  temper 
annealing. 

We  have  advised  this  annealing — that  is  to  say,  heating 
slowly  to  900°  C,  then  allowing  to  cool  slowly  to  700°  C.— to 
replace  the  previous  method  of  annealing  the  cast  ingots. 

During  the  annealing  of  the  ingot  by  the  old  method  the 
cast  structure  was  in  no  way  refined.  All  that  the  annealing  does 
is  to  bring  about  decomposition  of  the  individual  grains,  leaving 
the  high  crjrstalline  weakness  still  present  in  the  ingot,  whereas, 
if  the  ingot  were  taken  above  the  critical  point,  breaking  down 
of  this  cast  structure  would  result,  and  apart  from  the  persistence 
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of  the  carbide  envelopes,  perfect  refinement  vfovld  be  brought 
about.    The  forged  bars  are  annealed  similarly. 

After  an  annealing  of  this  character  the  bars  are  shaped  first 
under  the  hammer,  one  heat  being  employed  for  the  purpose, 
the  bars  being  heated  first  slowly  on  the  top  of  a  smith's  fire,  and 
afterwards  put  in  the  hottest  part  and  raised  to  a  temperature 
of  about  1050°  or  1100°  C.  within  three  minutes.  All  heavy 
work  is  finished  when  the  bar  has  cooled  to  800°  C,  after  which 
it  is  inserted  in  the  smith's  fire  and  receives  the  second  and  third 
light  shapings  on  the  anvil.  This  shaping  applies  only  to  lathe 
tools,  such  tools  as  milling  cutters,  twist  drills,  &c.,  being 
machined  directly  after  annealing. 

Tables  VII.  and  VIII.  refer  to  rolling  and  tilting  from  2J 
inches  square  down  to  1|  inch  round  and  square ;  reference 
to  the  first  table  will  show  how  these  come  into  the  working 
scheme. 

Habdenino. 

Lathe  tools  are  hardened  by  the  usual  method  of  gradually 
bringing  the  tool  up  to  a  medium  red  heat  and  then  putting  it 
into  the  hottest  part  of  a  mufBe  furnace  and  allowing  the  nose 
to  attain  a  temperature  between  1290°  and  1300°  G. ;  after  this 
the  tool  is  quickly  withdrawn  from  the  furnace  and  cooled  off 
in  the  air-blast  or  in  oil,  as  the  case  may  be. 

In  the  actual  hardening  temperatures  determined,  the  varia- 
tions from  the  ideal  were  but  slight  in  the  tools  followed  through ; 
the  minimum  temperature  was  1290°  G.  and  the  maximum 
temperature  1880°  G.,  whereas  in  the  case  of  hardening  large 
drills  a  minimum  of  1240°  G.  and  a  maximum  of  1290°  G.  were 
observed. 

The  time  taken  in  heating  up  for  hardening  was  also  found 
to  vary  but  little  in  each  case,  the  shortest  possible  time  con- 
sistent with  adequate  soaking  being  employed. 

The  factors  of  time  and  temperature  both  work  in  the  same 
direction.  High  temperature,  by  promoting  greater  molecular 
mobility,  will  promote  excessive  grain  growth,  whilst  prolonging 
the  time  of  heating  acts  in  the  same  direction.  Although  high 
temperature  may  promote  greater  solution  of  the  free  carbide, 
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Free  carbide  i 
1  30 

1  60     '  Pureaustenitic 
!    Free  carbide  ai 
'  Somewhat  ovc 
I     time  at  heat. 

1  30        Pure  austenitio 

Free  carbide  ai 

Overheated. 

I 

1  20     '  Pureaustenitic  I 

I    Free  carbide  a 

1  30 

1  30     I 

1  30        Pure  austcnitio 

size.    Free  ca 

I    lines. 


^  Small  crack  ground  out. 
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this  means  should  not  be  used  for  that  purpose,  as  the  result 
would  be  large  grain  growth,  whereas  even  at  the  high  temperature 
of  hardening  it  was  found  that  massive  carbide,  if  it  existed  in 
the  tool  previous  to  this  operation,  was  only  with  diflSculty  even 
partially  got  into  solution. 

As  an  illustration  of  the  enormous  effect  of  slight  differences 
in  hardening  high-speed  steels,  five  micros  are  shown  on  Plates 
XIV.  and  XV. 

No.  16  shows  an  improperly  hardened  steel,  the  temperature 
not  having  been  high  enough. 

No.  17  is  a  steel  in  the  ideal  hardened  condition ;  this  was 
hardened  at  1800°  C. 

No.  18  is  a  steel  overheated  in  hardening.  Note  the  increase 
in  the  size  of  grain.    This  was  hardened  at  1805°  C. 

No.  19  is  of  a  steel  hardened  at  1810°  G.  and  shows  the  almost 
complete  absence  of  free  carbide,  and  how  its  lique- 
faction has  caused  it  to  resolidify  at  the  grain  boundaries 
with  a  characteristic  eutectic  structure. 

No.  20  shows  a  steel  hardened  at  about  1820°  C.  which  has 
become  slightly  **  crozzled." 

No.  21  shows  a  specimen  completely  "  crozzled  "  at  1830°  C. 

All  temperatures  are  actual  observations  without  corrections. 
It  is  seen  from  this  that  at  observed  temperatures  above  1805°  0 
liquefaction  of  the  carbide  begins. 

This  agrees  weD  with  Yatsevitch's  work,  as  published  in 
Bevue  de  Mitallurgie,  1918,  in  which  he  shows  from  a  heating 
curve  that  the  solidus  of  a  steel  of  similar  composition  occurs 
between  1830°  C.  and  1885°  0.,  the  melting  point  in  heating 
being  1450°  C.  Upon  cooling  from  the  melt,  the  same  author 
shows  that  whereas  freezing  commences  at  1450°  C,  the 
metal  is  not  completely  solidified  until  a  temperature  of  1280° 
to  1285°  0.  is  obtained. 

The  effect  of  this  is  that  this  liquid  solidifies  on  cooling  again 
around  the  boundaries  of  the  crystals  as  a*eutectic.    These » 
differences,  occurring  as  they  do  with  slight  variation  in  tem- 
perature, are  very  striking. 

The  hardening  data  for  a  number  of  tools  followed  is  given 
in  Table  IX. 

1919— i.  Y 
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Cutting  Tests. 

A  few  cutting  tests  of  the  steels  after  being  properly  hardened 
were  taken.    The  results  of  these  are  given  below : 


Tool  No. 

HoE8e*power. 

Feed. 

Depth  of 

'fisfur 

Time  to 
Break  Down. 

Light 

Full  Load. 

1 
2 
3 

16 
16 
16 

40 
40 
40 

Inch. 

Inch. 

A 
A 

Feet. 
80 
80 
82 

Minutes. 
22 
21* 
15 

The  billet  used  for  the  cutting  tests  was  not  annealed  ;  it  was 
•of  the  following  composition  : 


Oarbon 

Manganese 

Silicon 

Sulphur 
percent. 

per  Cent. 

Nickel 

percent. 

per  Cent. 

percent. 

percent. 

0-32 

0-6 

0114 

0-028 

0041 

022 

The  test  from  this  material  broke  at  88*8  tons  per  square  inch. 

Seoreoation  of  Tool  Steel  Ingots. 

Series  of  analyses  were  taken  from  the  top  third  of  one  ingot 
and  from  the  top  and  bottom  crop  ends  of  two  others  of  those 
whose  manufacture  and  further  treatment  had  been  followed 
through. 

The  results  are  tabulated  in  Figs.  1,  2,  and  8. 

Pig.  1  is  from  the  top  third  of  ingot  No.  4. 
f,    2  „         crop  ends  of  ingots  1  and  2. 

„    8         „        bottom  crop  ends  of  ingots  1  and  2. 

It  will  be  seen  that  no  segregation — even  of  carbon,  sulphur, 
or  phosphorus — has  occurred,  and  that  the  tiny  carbide  segrega- 
tions which  were  frequently  observed  in  the  micro  examinations 
are  not  units  of  large  ingot  segregations. 

The  absence  of  segregation  is  probably  due  to  two  causes: 
(1)  Small  size  of  ingot.  (2)  Very  quick  solidification  due  to  the 
chilling  effect  of  the  moulds  and  to  the  presence  of  large  quantities 
of  special  elements  in  the  steel. 

The  above-mentioned  two  causes  are  in  the  main  the  reasons 
for  the  almost  entire  absence  of  blowholes  in  these  ingots. 
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Fig,  1. — Segregation  in  Tool  Steel  Ingots. 


a 

Mn. 

P. 

S. 

Si. 

W. 

Cr. 

V. 

1 

oeo 

0^ 

0-008 

0-000 

0-210 

13-94 

3-77 

0-61 

2 

0-60 

0-08 

0010 

0-069 

0-210 

13-98 

3-73 

0-62 

3 

0-63 

0-08 

0-010 

0057 

0-200 

14-21 

3-84 

0-61 

4 

0-68 

0-08 

0-014 

0-060 

0-198 

14-19 

3-84 

0-62 

6 

(HJO 

0-08 

0-016 

0-060 

0-210 

14-16 

3-86 

0-62 

6 

0-63 

0-08 

0-012 

0-069 

0-198 

13-98 

3-84 

0-62 

.7 

0-61 

0-09 

0-016 

0-068 

0-196 

14-21 

3-89 

0-62 

8 

0-60 

0-08 

0-010 

0067 

0198 

14-08 

3-87 

0-62 

9 

0-61 

0-08 

0014 

0-067 

0-198 

14*14 

S-81 

0-62 

10 

0-60 

0-08 

0014 

0-067 

0186 

14-04 

3-89 

0-62 

11 

0-67 

0-08 

0-012 

0-066 

0-186 

14-16 

3-87 

0-62 

12 

0-61 

0-08 

0-014 

0-066 

0-186 

14-20 

3-89 

0-62 

13 

0-60 

0-08 

0-012 

0-069 

0-186 

13-89 

3-88 

0-52 

U 

0-68 

008 

0-004 

0-069 

0-186 

14-00 

3-91 

0-62 

16 

0-68 

0-08 

0-010 

0-067 

0177 

14-21 

3-91 

0-62 
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INGOT  N*l. 


IB 


INGOT  N9  2 


2B 


BOTTOM  or  INGOT  BOTTOM  OF  INGOT 

Fig.  3. — Segregation  in  Tool  Steel  Ingots.    Bottom  Crop  Ends  after  Unt  Forging. 


ly^ct  No.  L 

a 

Mn. 

P. 

S. 

Si. 

W. 

Cr. 

V. 

1 

0-69 

009 

0015 

0-044 

0186 

14-16 

3-88 

0-51 

2 

0-60 

0-09 

0015 

0041 

0177 

14-23 

3-88 

0-61 

3 

0*61 

008 

0012 

0042 

0186 

1412 

3-90 

0-61 

4 

0-69 

0-08 

0-012 

0041 

0-186 

1416 

3-88 

0-51 

5 

0-69 

0-09 

0014 

0044 

0198 

14-19 

3-90 

0-61 

6 

0^ 

009 

0015 

0-041 

0-198 

1412 

3-88 

0-50 

7 

0-60 

0^ 

0-016 

0-042 

0198 

14-12 

3-88 

0-60 

8 

0-61 

009 

0-015 

0-043 

0-198 

14-16 

3-90 

0-61 

Ingoi  No.  11. 

a 

Mn. 

P. 

S. 

Si. 

W. 

Cr. 

V. 

1 

0-64 

0-09 

0-015 

0-043 

0152 

14-46 

3-87 

0-49 

2 

0-59 

0-09 

0011 

0-043 

0-163 

14-08 

3-8S 

0-50 

3 

0-56 

0-09 

0-014 

0-043 

0163 

14-21 

3-88 

0-49 

4 

0-57 

0-09 

0-008 

0-044 

0-152 

14-12 

3-88 

0-49 

5 

0-58 

010 

0-009 

0-042 

0-163 

14*12 

3-88 

0-50 

6 

0-59 

0-09 

0-010 

0-043 

0-163 

14-18 

3-88 

0-48 

7 

0-58 

010 

0-008 

0044 

0-163 

14-27 

3-88 

0-48 

8 

0-58 

009 

0015 

0-044 

0-163 

14-08 

3-88 

0-48 
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Experiments  upon  the  Elimination  of 
Carbide  Lines. 

The  cliief  source  of  trouble  in  certain  classes  of  tools,  especially 
large  milling  cutters,  hobs,  &c.,  which  cannot  receive  as  much 
work  as,  say,  a  lathe  tool  or  twist  drill,  is  invariably  found  to  be 
due  to  the  presence  of  laminated  carbide  lines.  These  carbide 
lines,  which  are  forged  out  and  elongated  segregates  formed 
from  the  melt,  are  most  difficult  to  eliminate  when  once  formed. 
The  carbide  in  question  is  the  massive  carbide  at  the  boundaries. 

If  once  the  carbide  betaken  into  solution  and  afterwards 
deposited  from  the  same,  it  comes  out  of  solution  in  the  form 
of  small  dots  or  nodules,  and  in  this  finely  divided  state  is  readily 
taken  into  solution  during  the  hardening  process.  Such  carbide 
therefore  that  comes  out  upon  annealing  is  in  no  way  detrimental. 

An  ordinary  hardening  treatment,  owing  to  the  necessity  of 
its  being  carried  out  as  quickly  as  possible,  is  totally  insufficient 
to  enable  the  massive  carbide  segregates  to  be  disposed  of. 

A  number  of  experiments  were  therefore  tried  in  order  to 
determine  the  effect  of  a  prolonged  soaking  of  a  segregated  piece 
of  metal  at  a  temperature  between  1150°  C.  and  1200°  C.  A  piece 
of  tool  steel  was  packed  in  a  non-oxidising  material  in  a  crucible 
and  heated  between  these  temperatures  for  a  period  of  six  hours  ; 
it  was  then  slowly  cooled  in  the  furnace,  taken  out,  broken,  and 
half  of  the  piece  again  put  back  for  another  six  hours,  the  same 
process  being  gone  through,  whilst  another  piece  was  given  a 
further  six  hours.  Thus  the  effects  of  high  temperature  anneal- 
ings carried  out  for  six,  twelve,  and  eighteen  hours  respectively 
were  determined. 

The  microstructure  after  these  successive  treatments  pre- 
sented each  time  similar  carbide  boundaries  which  existed  in  the 
original  cast  structure.  After  this  treatment  they  were  thinner 
and  less  massive,  but  were  very  sharply  defined. 

ros'^^and  28. — The  comparison  of  these  micros  with 
Micros  3  and  2  indicate  that  whilst  a  certain  amount  of  solution 
has  occurred,  this  is  insufficient  to  recommend  this  process. 
One  of  the  pieces  tried  became  highly  oxidised,  the  fracture 
of  the  oxidised  bar  showing  the  peculiar  structure  depicted  in 
Photo  No.  24. 

This  fracture  consisted  of  very  large  bright  crystals  with  one 
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axis  longer  than  the  other,  the  longer  axis  being  normal  to  the 
surface,  whereas  the  central  core  consisted  of  fine  equiaxial 
crystals. 

Upon  polishing  this  section  it  was  noticed  that  the  core 
stood  out  in  relief  above  the  rest  of  the  metal,  an  indication 
of  the  hardness  at  the  centre.  Etched  with  nitric  acid  a  peculiar 
macrostructure  resulted  which  is  shown  in  Photo  No.  25. 

This  macro  shows  all  the  characteristics  of  the  fracture.  The 
outside  ring  consisted  of  very  large  grains,  the  boundaries  of 
which  were  often  skirted  with  well-developed  pearUte,  the  grains 
themselves  consisting  of  a  homogeneous  light  etching  material, 
ferrite,  in  which  are  embedded  a  number  of  massive  carbide 
segregates. 

The  large  grains  end  abruptly  at  the  pearlite  boundary  which 
totally  encloses  the  central  core,  the  latter  part  consisting  of 
pure  austenite  and  massive  carbide. 

The  interesting  points  with  regard  to  this  decarburisation  are, 
firstly :  that  the  decarburisation  gradient  is  very  steep  at  the 
pearlite  boundaries ;  that  this  pearlite  boundary,  which  is  very 
thin,  is  a  distinct  line  of  demarcation  between  the  almost  carbon- 
less and  completely  softened  steel  and  the  austenite.  The  massive 
carbide  resists  decarburisation  better  than  any  other  of  the 
structural  elements.  It  is  obvious  that  ordinary  tool  steel  is 
of  a  decidedly  hypereutectoid  nature. 

Brinell  Hardness  of  A.W.  Steel. 

The  Brinell  hardness  was  measured  after  each  operation 
in  the  manufacture  of  the  tools,  and  the  results  condensed  in 
the  following  table : 


Operation. 

BrinelL 

Number 
of  Deter- 
minations* 

Ayerage. 

Highest. 

Lowost. 

After  MiFwUfi^g  ingot       .... 
»»     OMBging  to  3^  incbM  square 
„     romiig  from  3|  inchea  to  24  inchea     . 
M     cogffing  from  8|  inohea  to  1|  inoh      • 
,»     tiltmg  to  1^  inoh  square  . 
„     rolling  to  1}  inoh  round   • 

M     annealing 

„     hardenii^ 

259 
540 
604 
610 

}616 

249 
652 

262 
600 
652 
562 

652 

269 

255 
505 
555 
600 

600 

231 

16 

19 

9 

16 

18 
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It  will  be  noted  that  with  decrease  in  cross-section  there 
is  a  corresponding  increase  in  the  Brinell  hardness  number. 

Heating  and  Cooling  Curves  op  A.W.  Steel. 

On  Pig.  10  will  be  found  a  heating  curve  followed  by  a 
series  iof  cooling  curves  of  A.W.  steel  taken  from  different 
temperatures  and  with  varying  rates  of  cooling. 

Heating  Curves, — Two  points  are  shown,  a  small  one  with 
a  maximum  at  775®  C,  and  a  larger  one  (maximmn  850°  C). 
The  exact  significance  of  the  lower  point  has  not  yet  been 
determined. 

A  steel  when  heated  and  quenched  above  the  lower  point 
reveals  no  alteration  in  hardness,  the  value  obtained  being 
281,  which  is  that  of  the  annealed  steel.  The  microstructure  is 
represented  by  Micro  No.  27.  This  micro  differs  from  that  of 
the  annealed  steel,  Micro  26,  in  that  the  ground-mass  contains 
a  considerably  greater  proportion  of  smaller  white  dots. 

The  upper  point,  maximum  850°  C,  appears  to  be  similar 
to  the  ordinary  Ac8,2,l  change,  the  temperature  of  this  change 
being  raised  very  considerably  by  the  combined  presence  of 
tungsten  and  chromium. 

A  steel  quenched  above  the  upper  point  on  heating,  namely, 
880°  p.,  has  a  hardness  of  582,  and  a  microstructure  similar  to 
No.  28.  This  structure,  although  similar  in  appearance  to  that 
of  the  annealed  steel,  is  totally  different.  The  white  blobs  of 
separated  carbide,  one  must  assume,  are  the  same  in  both  cases. 
The  matrix  in  this  case,  however,  is  martensitic. 

Cooling  Curves. — Cooling  from  an  initial  temperature  of 
914°  C.  one  large  evolution  of  heat  is  shown  at  764°  C.  The 
change  from  the  hard  to  the  soft  state  is  so  complete  in  cooling 
from  this  temperature  even  at  a  moderately  rapid  rate  that  the 
hardness  has  been  reduced  to  241. 

Cooling  from  an  initial  temperature  of  1082°  C.  the  critical 
pomt  is  depressed  to  407°  C. ;  this  depression  progresses  slightly 
with  the  maximum  initial  temperature  until  at  a  temperature 
of  1800°  C,  with  very  slow  cooling,  a  very  large  evolution  of 
heat  is  obtained  at  880°  C.  The  variation  in  hardness  with 
increasing  temperature  is  rather  remarkable.    With  an  initial 
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temperature  of  1032°  0.  and  also  of  1145°  C.  with  furnace-cooled 
specimens  the  Brinell  figure  was  476.  With  an  initial  tempera- 
ture of  1800°  C.  slowly  cooled  (ninety-six  minutes)  the  hardness 
figure  jumped  to  582. 

If  we  compare  the  steels  cooled  from  1145°  C.  and  1800°  G. 
respectively,  we  note  that  although  the  latter  presents  a  larger 
evolution  of  heat  at  the  critical  point,  the  resulting  product 
is  harder.  This  can  only  be  accounted  for  by  assuming  that  a 
definite  chemical  or  physical  change  takes  place  in  the  metal 
at  the  high  temperature,  with  the  result  that  the  product 
deposited  as  the  steel  passes  through  the  recalescence  point, 
or  the  remaining  solution,  is  harder  than  in  -the  case  of  the  steel 
cooled  from  1800°  G. ;  that  is  to  say,  there  must  be  some  radical 
change  in  constitution  between  the  temperature  of  1145°  G.  and 
1800°  G.  This  agrees  with  Yatsevitch,  who  found  that  the  higher 
the  initial  temperature,  the  larger  the  evolution  at  the  critical 
point  and  the  greater  the  hardness. 

With  a  moderately  rapid  cooling  from  1800°  G.  a  small  point 
is  observed  at  400°  G.,  whereas  if  air-blast  is  employed  a  curve 
free  from  all  critical  points  is  obtained.  This  represents  the 
rate  of  cooling  that  should  be  attempted  in  practice.  A  steel 
quenched  from  1800°  G.  has  a  structure  shown  in  Micro  29,  which 
is  similar  to  that  of  a  steel  quenched  in  the  air-blast. 

Annealing  Treatment. 

As  before  mentioned,  the  system  adopted  in  the  works  for 
the  annealing  of  tools  occupied  about  three  days'  time.  It  was 
obvious,  however,  after  taking  a  cooling  curve  from  914°  G. 
and  measuring  the  resulting  hardness  of  the  specimen,  which 
was  241,  that  a  far  quicker  and  simpler  treatment  might  be 
employed  to  produce  the  same  effect.  Accordingly  specimens 
of  about  1  inch  square  of  A.W.  steel  were  taken,  and  in  order 
to  get  them  in  a  state  similar  to  that  of  the  ingot  or  forging, 
they  were  air-hardened  to  1800°  G.  It  is  true  that  this  treatment 
would  rather  exaggerate  the  nature  of  the  case,  but  the  exaggera- 
tion is  on  the  right  side,  so  that  any  treatment  which  would 
bring  about  softening  of  these  specimens  would  have  a  similar 
effect  on  those  in  practice. 
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Max.  Temp. 

Time  at 
Heat. 

Time  Cooling  to  740<' a 

Brinell  No. 

Degrees  a 

Hours. 

946 

i 

U  hour. 

302 

940 

tSi 

i» 

476 

935 

1 

H          M 

269 

900 

11  hour.      Water  qnenohed. 
Airoookd. 

256 
253 

„           Fomaoe  cooled. 

243 

„           Very  slowly  cooled. 

248 

870 

i 

1    „ 

269 

860 

lUl 

20  minutes. 

302 

800 

i 

Water  qaenched  from  SOO*"  0. 
Turiiaoe  cooled. 

340 

1 

321 

H 

i»         I* 

302 

2 

ff         It 

293 

3 

»»         I* 

287 

The  aim  of  these  experiments  was  to  take  the  steel  to  a 
temperature  slightly  above  the  critical  point  on  heating,  and 
to  avoid  taking  it  to  a  temperature  which  would  produce  any 
self-hardening,  which  occurs  when  the  maximum  temperature  is 
such  that  a  recalescence  at  about  400°  C.  begins  to  show. 

It  is  seen  from  the  table  that  a  temperature  of  950°  C.  is 
the  maximum  limit  to  which  the  steel  can  be  heated  in  order  to 
bring  about  complete  softening.  The  maximum  that  should  be 
employed  in  practice  to  give  the  best  results  is  985°  C,  whilst 
the  minimum  to  effect  the  same  is  870°  C. 

Experiments  carried  out  at  a  temperature  of  800°  C,  which 
is  similar  to  that  employed  in  practice,  show  that  even  after  four 
hours'  soaking  at  this  temperature,  the  softening  was  not  so 
pronounced  as  that  produced  by  half  an  hour's  soaking  at  985°  C. 
or  870°  0. 

All  that  is  necessary,  therefore,  is  to  heat  the  bars  up  to 
between  870°  C!  and  985°  C,  thoroughly  soak  at  this  tempera- 
ture,  and   cool   off  within  about  one  hour  to  740°  C,  vfh^ 
complete  softening  will  have  been  brought  about.      After  tnis 
the  bars  may  be  pulled  out  and  cooled  quickly  in  air. 

Secondary  Hari>bning. 

Some  experiments  of  the  type  carried  out  by  ^'^    T^  ^^  -^^ 
upon  secondary  hardening  treatment  gave  tlie  results  b 
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Fig.  4.    The  full  line  indicates  hardness  after  varions  tempering 
temperatures,  the  initial  hardening  being  carried  out  at  1800''  C. 
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Fia.  4. — Secondary  Hardness  of  A.W.  Steol. 

Steel  hardened  before  seoondair  treatment  experiments. 
„  „        and  heated  to  600**  G.  for  ton  mmutes  before 

secondary  treatment  experimento. 


The  usual  minimum  is  seen  at  a  temperature  of  about  fiOO^C, 
rising  to  a  maximum  between  SSO""  C.  and  600"^  C*    The  dotted 
line  shows  the  effect  of  tempering  at  various  temperatures  after 
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hardening  and  a  preliminary  secondary  hardening  carried  out 
at  600°  C. 

It  is  thus  seen  that  the  effect  of  secondary  hardening,  although 
it  lowers  the  initial  hardness  of  the  specimen,  does  increase  the 
stability  of  the  steel.  After  this  treatment  the  hardness  remains 
constant  throughout  up  to  a  temperature  just  above  600°  C. 


Failures  in  Tools. 

Failures  arise  in  tool  steel  due  to  various  causes.  Some  may 
be  traced  back  to  faulty  casting,  others  to  faulty  rolling,  and  also 
to  faulty  hardening. 

As  regards  carbon  steels,  faults  in  general  have  been 
thoroughly  treated  by  H.  Brearley  in  his  numerous  text-books, 
not  so  fully,  however,  with  regard  to  high-speed  steels. 

Failures  due  to  Gosling  Conditions. — If  too  high  a  casting 
temperature  is  employed  a  highly  dendritic  structure  will  re- 
sult. This  structure,  which  is  naturally  weak,  cannot  be  after- 
wards obliterated  either  by  heat  treatment  or  even  mechanical 
work. 

Micro  80  shows  a  typical  case  of  dendritic  structure  occasion- 
ally found  in  a  faulty  tool.  In  these  it  is  seen  that  the  dendrites 
are  very  clearly  developed  and  form  beautiful  fir-tree  crystal 
skeletons.  There  is  no  need  to  dwell  upon  the  statement  that 
this  structure  is  mechanically  weak. 

Failures  due  to  Segregation. — Although  the  analyses  previously 
given  from  all  parts  of  an  ingot  show  that  practically  no  segrega- 
tion occurs  in  tool  steel,  the  authors  have  come  across  one 
.case  where  this  did  occur.  Micro  81,  taken  at  5  diameters,  shows 
a  large  segregation  right  in  the  centre  of  the  nose  of  a  twist  drill. 
This  segregation,  which  was  harder  and  more  brittle  than  the 
surrounding  metal,  naturally  was  the  cause  of  failure  of  the 
tool. 

Failures  due  to  Slag. — The  occurrence  of  slag  and  manganese 
sulphide  is  very  rare  in  tool  steel ;  occasionally,  however,  they 
are  met  with. 

Casting  Phenomena  which  are  accentuated  hy  Mechanical  Treat- 
menL — ^Micro  82  shows  a  small  roak  developed  by  forging.    The 
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crack  which  was  therefore  originally  in  the  ingot  has  been  distorted 
and  extended  by  forging. 

Micro  88  shows  rather  a  different  case  of  crack,  this  beii^ 
more  in  the  nature  of  what  is  generally  termed  a  forging  crack. 
Here  it  is  seen  that  the  crack  is  filled,  not  purely  with  oxide 
material,  but  also  with  slaggy  material  picked  up  in  the  fumacQ 
during  heating  up  for  forging,  the  forging  process  squashing  this 
in,  as  it  were,  and  slightly  extending  the  crack. 

Carbide  Segregations. — These  are  undoubtedly  the  most 
troublesome  features  that  arise  in  tool  steel.  They  usually 
only  occur  in  the  case  of  tools  of  such  large  size  as  to  permit 
little  forging  to  be  put  into  them.  Micro  84  shows  typical 
laminated  carbide  lines,  which  have  not  been  obliterated  and 
pulled  to  pieces  by  the  forging  treatment.  They  are  of  the 
noted  hook  or  crook  shape  so  detrimental  to  tool  steel.  It  should 
also  be  noted  in  passing  that  this  tool  had  been  hardened  at  an 
excessively  low  temperature,  shown  by  the  composite  structure 
of  the  matrix. 

Sometimes  these  carbide  segregations  exist  as  envelopes 
around  the  grains.  This  indicates  even  less  drastic  forging 
than  the  former  case. 

Carbide  out  of  solution  in  steel  in  any  form  other  than  small 
specks  is  invariably  found  to  be  detrimental. 

Micro  85  shows  a  rather  curious  case  of  a  crack  running 
through  the  steel  in  no  particular  direction — that  is  to  say,  its 
course  is  not  determined  by  the  grain  boundaries  or  carbide 
envelopes.  Cracks  of  this  nature  are  occasionally  found  in  a 
steel,  of  which  this  is  a  typical  example,  which  has  not  been 
hardened  at  a  sufficiently  high  temperature,  the  metastability 
of  a  semi-hardened  structure  being  far  greater  than  that  of  a 
properly  hardened  structure,  the  nuclei  of  the  stable  phase 
creating  a  tendency  for  a  volume  change  to  take  place  in  the 
metal  which  will  cause  a  crack. 

Micro  86  is  added  merely  for  interest.  It  represents  the 
longitudinal  section  of  a  shaving  of  a  0*85  per  cent,  carbon  steel 
about  --^  inch  thick,  which  was  taken  off  during  the  cutting  tests. 

The.  distortions  formed  by  the  ferrite  are  clearly  visible  in 
the" photograph,  which  shows  the  usual  effect  of  strain  of  this 
character. 
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Summary  and  Conclusions. 

The  whole  process  of  manufacture  of  high-speed  steel  has 
been  followed  through,  and  it  must  be  admitted  that  greater 
uniformity  of  working  is  hardly  possible. 

As  far  as  casting  is  concerned  some  slight  improvement 
might  be  made  by  increasing  the  thickness  of  the  mould  walls 
and  lowering  the  pouring  temperature  of  the  metal. 

An  investigation  of  the  various  forging  operations  of  cogging, 
rolling,  &c.,  has  been  made,  and  it  has  been  found  that,  for 
efficient  forging,  temperatures  must  be  used  which  are  appreci- 
ably higher  than  those  generally  accepted  as  correct. 

It  is  also  shown  that  whether  reduction  is  effected  by  rolling 
or  hammering,  or  a  combination  of  both,  there  appears  to  be 
little  or  no  difference  in  the  microstructures. 

What  is,  however,  of  the  utmost  importance  is  the  amount 
of  reduction  in  forging  which  the  metal  undergoes  between  the 
cast  state  and  the  finished  bar. 

Micros  taken  after  various  processes  of  forging  and  rolling 
indicate  that  below  a  reduction  of  88  per  cent,  for  a  6-inch  ingot, 
the  distorted  carbide  envelopes  occur  in  the  form  of  loops  and 
hooks  of  various  configurations,  and  it  is  in  this  form  that  they 
are  most  dangerous.  This  is  a  point  emphasised  by  Brearley  in 
his  book  on  tool  steel. 

Finished  milling  cutters  which  have  broken  in  use  owing  to 
carbide  laminations  invariably  show  the  laminations  to  be  in 
this  form.  If  the  laminations  are  discontinuous  and  broken  up 
they  seldom  give  rise  to  trouble.  From  this  we  must  conclude 
that  the  reduction  should  even  go  beyond  this  figure.  For  large 
tools,  therefore,  it  is  desirable  to  oast  a  larger  ingot  and  to  put 
more  work  into  the  steel. 

Experiments  have  shown  that  carbide  in  the  finely  separated 
state  can  be  readily  made  to  go  into  solution  at  a  sufficiently  high 
temperature.  If,  however,  it  occurs  in  the  massive  form  as  in 
the  carbide  envelopes  or  laminations,  it  is  almost  impossible  to 
bring  this  about,  as  has  been  shown  by  the  experiments  mentioned, 
namely,  by  high  temperature  soaking. 

With  regard  to  annealing  treatment,  all  that  is  necessary 
tp  bring  about  complete  softening  of  the  steel  is  to  heat  the  steel 
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just  above  its  higher  critical  point  on  heating,  and  slowly  cool 
down  through  the  point  on  cooling. 

Hardening  times  and  temperatures  are  of  the  utmost  import- 
ance. Grain  growth  in  high-speed  tool  steel  is  certainly  slow 
when  compared  with  carbon  steel  at  low  temperatures,  but  at 
the  high  hardening  temperatures  it  is  rapid  enough  to  give  rise 
to  a  very  coarse  structure  even  with  an  increase  of  20  per  cent, 
in  a  hardening  time  of  2|  minutes. 

The  temperature  limits  for  really  efficient  hardening  are  as 
narrow  as  10°  C.  Hardening  should  be  carried  out  between  the 
temperatures  of  1800°  C.  and  1820°  C.  (corrected  temperatures). 
If  the  temperature  is  above  1820°  G.  overheating  and  finally 
burning  will  occur,  whereas,  if  below  1800°  C,  an  insufficiently 
hardened  steel  will  result.  In  either  case  defective  tools  will 
result. 

The  cooling  curve  data  agrees  very  well  with  similar  deter- 
minations made  by  Yatsevitch.^  On  the  basis  of  his  freezing 
curves  the  burning  of  the  tool  steel  when  heated  above  1880°  C. 
is  readily  explained. 

The  various  defects  occurring  in  high-speed  steel  have  been 
reviewed  and  commented  on.  The  greatest  troubles  are  due 
to  the  insufficiently  distorted  carbide  envelopes  and  incorrect 
hardening. 

The  authors  wish  to  express  their  thanks  to  Messrs.  Sir  W.  6. 
Armstrong,  Whitworth  &  Co.  Ltd.,  and  especially  to  Mr.  P.  B. 
Trevelyan,  for  their  kind  permission  to  publish  these  results, 
also  to  Mr.  E.  F.  Law  for  the  interest  he  has  taken  in  the  work. 
They  are  likewise  indebted  to  Mr.  W.  B.  Dyson  for  his  valuable 
help  throughout. 

^  Beoue  de  MiiaUwgie,  toI.  xt.  pp.  66-116,  1918. 
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Plate  XII. 


No.  1.  —Near  surface,      x  200. 


No.  2.— 1  inch  in  from  surface,      x  200. 


No.  8. — (Jarbide  segregation  near  centre  No.  4. — Extreme  edge  of  ingot      x  200. 

of  ingot.      X  200. 


No,  5.— From  near  edge  of  ingot  show- 
ing dendritic  structure,      x  200. 

Al  reduced  by  one-third. 


No.  6.— Near  surface,      x  200. 


To  face  p.  886. 


Digitized  by 


Googk 


Plate  XI 1 1. 


No.  7.— Distorted  carbide  segregation. 
X  200. 


No.  8.— Dibtorteci  carbide  envelopes. 
X  200. 


No.  9. — Showing  lamination  of  carbide 
envelopes,      x  200. 


No.  10.— Showing  semi'decom  posed 
austenite.     x  200, 


No.  11  —Near  surface  of  billet,     x  200.  No.  12.— Half  way  in.      x  100. 

All  reduced  by  one-third. 
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No.  13.— Near  centre  of  billet,      x  200.  No.  14. — Final  arrangement  of  carbide 

envelopes,      x  200. 


No.  15.— Final  arrangement  of  carbide  No.    16.— Improperly   hardened  steel, 

segregation,      x  200,  Temperature  not  high  enough,      x  zuu. 


*T       to       Overheated    in  hardening. 
No.  17.— Ideal  hardened  condition.  No.   lo-"~  Y.,,r*.  laosoC       x  200. 

Temperature  1800°C.     x  200.  Temperature  1»ud  w. 

All  reduced  by  one-third. 
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No.  19.— Steel  hardened  at  ISIO^C. 
X  200. 


--  ^ 


VI 


5^^ 


r 


A 


V 


No.  20.— Steel  hardened  at  1340*»C. 
X  200. 


No.  21.— Steel  hardened  at  I86OOC. 
X  200. 


Xo.  22. 


X  200. 


No  28.— Effect  of  prolonged  soaking  at 
1150°  to  12000c.  of  segregated 
piece  of  tool-steel,     x  200.  No.  24.— Fracture  of  bar.      x  a 

All  reduced  by  one-third.  (^  \ 
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Plate  XVI. 


No.  25.— Macrostructure  after  etching  No,  26.— Annealed,     x  200. 

C^with  nitric  acid,     x  8. 


No.  27. — Water  quenched  from  just  No.  28. — Water  quenched  from  just 

above  the  lower  point,      x  200.  above  the  higher  point,     x  200. 


No.  29. —Water  quenched  from  1300°C.  No.  80.— Dendritic   structure    found 

X  200.  in  faulty  tool,      x  4. 

All  reduced  by  one- third. 
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Xo  81. — Showing  segregation  in  centreof  nose 
of  twist  dnll.      X  2; 


'.-**w- 


No.  88.— Showing  forging  crack,      x  20. 


No.  82.— Showing  small  roak  developed 
by  forging,      x  20. 


Xo.  84.— Showing  typical  laminated 
carbide  lines  not  obliterated  by 
forging.      X  100. 


Xo.  86. — Longitudinal  section  of  0*85 
carbon  steel  shaving,      x  IQO. 


Xo.  86. — Typical  case  of  crack  in  steel 
hardened  at  an  insufficiently  high 
temperature,      x  100. 

Figs.  81  and  83  reduced  by  one-half;  Figs.  82,  84,  85  and  86  reduced  by  one-third. 

To  face  p.  837. 
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DISCUSSION. 

Professor  H.  M.  Howe,  Honoraiy  Vice-President,  said  he  thought 
the  members  must  be  deeply  gratified  at  the  extremely  frank  way  in 
which  a  valuable  practice  had  been  disclosed.    It  appeared  to  him 
that  the  paper  was  typical  of  the  times.    Everyone  felt  that  we  must 
all  pull  together  and  help  each  other.    We  had  passed  through  A 
terrible  period  and  our  civilisation  had  nearly  been  swept  away,  and 
during  that  time  we  had  interchanged  information  very  freely,  so 
that  the  least  efficient  might  be  brought  up  as  nearly  as  possible  to  an 
equality  with  the  most  efficient.    He  thought  everyone  would  welcome 
the  sign  that  that  spirit  was  persisting.    The  imponderables  were 
much  more  important  than  the  ponderables,  and  the  paper  could 
not  be  welcomed  too  warmly.    With  regard  to  the  question  of  the  size 
of  ingots,  there  was  an  impression  that  increasing  the  size  of  ingots 
was  to  be  guarded  against,  that  the  difficulties  of  segregation,  the 
dendritic  segregation,  were  increased  far  more  by  increasing  the  size 
•  of  the  ingot  than  the  corresponding  efEacement  of  that  inter-dendritic 
segregation  by  the  increased  degree  of  reduction  in  rolling.    Many 
years  ago  tire-makers  had  started  making  tires  from  large  ingots,  but 
they  had  gone  back  to  single-tire  ingots.    In  Pennsylvania  there 
was  a  magnificent  slabbing-mill  for  making  boiler-plates,  which  he 
believed    cost    about   1,000,000  dollars  at  pre-war  prices.    '  To-day 
the  mill  was  not  in  use,  because  it  was  found  better  to  6ast  single- 
plate  ingots  or  small  ingots,  chiefly  for  the  reason  that  the  larger 
ingot    and   the   slower  solidification  gave  rise  to  the  greater  inter- 
dendritic  segregation.     In  the  manufacture  of  cannon  in  America  they 
had  greatly  reduced  the  amount  of  reduction  from  the  ingot  to  the 
cannon,  and  he  believed  all  the  indications  pointed  in' that  direction. 
It  could  not  be  forgotten  that  the  best  steel,  crucible  tool  steel,  was 
made  in  very  small  ingots.     Whether  that  was  done  through  wisdom 
or  whether  it  was  stumbled  on  and  it  was  discovered  that  the  steel  made, 
in  those  small  ingots  was  better  than  that  made  otherwise,  he  did  not 
know,  but  it  was  well  known  that  many  firms  had  experimented  at 
very  considerable  expense  in  using  large  crucibles  and  pouring  several 
crucibles  into  a  given  mould.     He  did  not  know  anywhere  in  America 
where  that  had  persisted.    They  had  gone  back  to  the  point  from 
which  they  had  departed,  the  small  ingot  of  crucible  steel 

Prof.  C.  A.  Edwards  (Manchester  University)  wished  to  associate 
himself  with  the  remarks  Dr.  Howe  had  made,  and  also  to  thank  the 
firm  with  whom  the  authors  were  associated  for  permitting  them  to 
publish  such  valuable  results.  It  was  often  very  difioult  indeed  to 
get  a  detailed  account  of  such  practical  information.    In  regard  to 

1919— i.  z 


Digitized  by 


Googk 


838  DISCUSSION  ON  ANDREW  AND  GREENES  PAPER. 

the  difficulty  of  oxidising  the  special  carbides,  he  could  endorse  what 
Dr.  Andrew  had  said.  He  had  endeavoured  to  make  chromium  steels 
and  chromium  tungsten  steels  almost  carbonless  by  the  ordinary  process 
of  decarburisation,  but  it  was  absolutely  impossible  to  eliminate  carbon 
in  that  way.  The  authors  stated  that  if  they  compared  the  steels 
cooled  from  1145°  C.  and  1300°  C.  respectively,  they  noted  that, 
although  the  latter  represented  a  larger  evolution  of  heat  at  the  critical 
point,  the  resulting  product  was  harder.  Later  on  they  said  that  there 
must  be  some  radical  change  in  constitution  between  the  temperature 
of  1145°  C.  and  1300°  C,  and  that  that  agreed  with  the  observations 
of  previous  workers.  When  those  curves  were  referred  to  it  was 
evident  that  the  information  given  was  insufficient  to  enable  the 
matter  to  be  dealt  with.  It  was,  however,  known  that  *the  apparent 
magnitude  of  a  critical  point  was  a  function  of  the  rate  of  cooling,  and 
that,  in  order  to  compare  the  question  of  whether  a  given  critical 
point  on  a  curve  was  larger  than  another,  it  was  necessary  to  know 
exactly  the  rate  of  cooling  during  the  change.  In  the  three  curves 
from  left  to  right,  in  which  direction  the  point  appeared  to  increase 
in  magnitude,  there  was  a  slowing  up  in  the  rate,  so  far  as  could  be 
judged  from  the  data  givei^  which  would  tend  in  the  direction  of 
increasing  the  apparent  magnitude  of  that  critical  point.  He  did  not 
dispute  the  possibihty  of  the  authors'  view  being  correct,  but  it  would 
be  better  if  they  could  support  it  with  more  definite  evidence.  It  was 
quite  possible  that  with  certain  rates  of  cooling  with  certain  alloy 
steels  the  kind  of  carbide  would  be  different  than  if  an  entirely  different 
rate  of  cooling  were  adopted.  Perhaps  if  a  concrete  example  were 
considered  it  might  be  possible  to  have,  say,  iron  carbide  coming  out 
of  solution  when  the  rate  of  cooling  was  slow,  and  then  another  more 
stable  compound,  say  chromium  carbide,  being  formed.  The  first 
reaction  might  be  exothermic  and  the  second  endothermic,  so  that 
the  net  result  would  be  a  lower  thermal  effect  than  the  ordinary  iron 
carbide  change.-  Under  those  conditions  if  the  rate  of  coohng  were 
progressively  increased  it  was  possible  that  the  endothermic  reaction 
might  be  cut  out,  in  which  case  the  thermal  magnitude  would  be 
greater  as  the  rate  of  cooling  increased  up  to  a  certain  point.  Of  course 
to  get  information  in  that  direction  it  was  necessary  very  carefully 
to  consider  the  rate  of  cooling  and  to  determine  the  area  of  the  peak. 
With  regard  to  the  secondary  hardening,  he  was  rather  pleased'  that 
the  authors  had  confirmed  his  (Prof.  Edwards')  observations.  The 
authors  found  that  the  secondary  hardening  persisted  when  the  steel 
was  again  reheated  up  to  about  600°  C,  for  they  did  not  get  the  dip 
in  the  curve  at  the  intermediate  temperature.  As  a  matter  of  fact 
he  certainly  would  not  have  expected  any  such  dip,  but  he  was  rather 
pleased  the  authors  had  made  the  experiment. 

Mr.  H.  H.  AsHDOWN  (Newcastle-on-Tyne)  wished  to  express  his 
appreciation  of  Dr.  Andrew  and  Mr.  Green's  valuable  and  interesting 
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paper.  The  paper  made  it  quite  clear  that  Manchester  was  holding 
its  own  in  the  manufacture  of  tool  steel.  He  remembered  some  years 
ago  Mr.  Gledhill,  when  discussing^  the  manufacture  of  that  material, 
spoke  of  it  as  being  carried  on  in  a  little  back  street.  When  he  (Mr. 
Ashdown)  became  associated  with  the  firm  a  few*  years  ago  he  was 
astonished  to  find  the  magnitude  of  that  little  back  street,  and  how 
valuable  the  work  that  had  been  done  there.  The  authors  said 
they  noticed  no  difference  between  the  microstructure  of  rolled  and 
of  hammered  steel.  Microstructure  explained  a  good  deal,  but  often 
it  was  somewhat  misleading — like  melting  furnace  gases,  which  often 
gave  the  same  analysis  even  when  the  properties  were  very  different. 
Had  the  authors  carried  out  any  machining  tests  with  both  rolled  and 
hammered  bars  ?  He  was  disposed  to  think  that  the  hammered 
bars  would  stand  up  to  their  work  for  a  longer  period.  The  authors 
stated  that  the  carbide  could  only  be  broken  down  by  ample  mechanical 
work,  and  one  was  led  to  understand  that  the  mechanical  work  must 
be  all  in  a  longitudinal  direction  He  would  like  to  know  whether  in 
making  milling  cutters,  if  the  ingots  were  partially  longitudinally 
forged  and  then  the  piece  up-ended  and  well  hammered  out  in  the 
reverse  direction,  so  as  to  get  the  necessary  diameter,  that  carbide 
was  also  broken  up.  With  regard  to  the  work  being  permitted  by  the 
firm  to  be  brought  before  the  Institute,  in  speaking  of  a  firm  one 
always  had  some  individual  member  in  mind.  He  thought  the  member 
in  the  present  case  was  Mr.  Trevelyan,  who  had  always  done  his  best 
to  encourage  the  distribution  of  scientific  knowledge  not  only  in  their 
own  works  but  to  any  others  requiring  such  assistance  or  advice. 

Dr.  W.  H.  Hatfield  (Sheffield)  thanked  the  authors  for  their  very 
interesting  and  accurate  statement  of  works  practice.  He  thought 
the  pyrometric  readings  through  the  process  would  prove  of  very 
great  interest  to  many  people.  As  Dr.  Rogers  had  pointed  out,  it  was 
their  own  practice  in  Sheffield  to  do  similar  work.  He  (Dr.  Hatfield) 
questioned  the  authors'  suggestion  that  the  white  constituent  was 
carbide  of  iron.  Taking  into  consideration  the  investigations  that 
had  been  carried  out  of  late,  particularly  those  of  Arnold  and  Ibbotson, 
and  having  in  mind  also  other  investigations  by  Prof.  Carpenter, 
Drs.  Edwards  and  Swinden,  there  had  been  a  lot  of  work  done  on 
the  constitution  of  steel  containing  a  high  percentage  of  tungsten, 
and  he  thought  the  evidence  pointed  to  the  white  constituent  being 
tungstide  and  not  carbide.  Dr.  Andrews  himself  pointed  out  the 
possibility  of  that,  but  in  the  paper  it  was  simply  spoken  of  as  carbide. 
It  was  highly  important,  because,  as  the  authors  pointed  out,  that 
constituent,  whatever  it  was,  was  undoubtedly  the  seat  of  a  good  deal  of 
trouble  in  high-speed  steel,  not  only  in  the  particular  fairly  low  tungsten 
chromium  steel  dealt  with,  but  also  in  the  more  recent  high-speed  steels 
which  were  now  being  produced.  He  thought  it  would  be  useful  there- 
fore fully  to  discuLss  the  question  of  what  the  white  constituent  was. 
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Mr.  0.  G.  Carlisle  (Sheffield)  said  Sheffield  seemed  to  be  challenged 
by  Manchester,  but  he  did  not  know  why  that  should  be  so,  seeing 
that  Sheffield  sold  steel  to  Manchester  people,  and  sometimes  had  to 
go  and  heat-treat  it  for  them.  Heliad  had  to  do  so  some  little  time 
ago,  helping  with  a  turning  tool  which  was  being  heated  up  for  hardening 
in  a  very  small  and  rather  crude  muffie  furnace,  not  heated  up  to  a 
sufficiently  high  temperature,  and  giving  a  rather  poor  result,  although 
they  were  working  on  a  very  hard  cast  iron  face-plate  with  slots  in.  He 
improved  their  results  and  subsiequently  did  some  hardening  in  Sheffield 
and  sent  them  the  tools  with  which  they  got  better  results.  The 
authors'  Table  I.  gave  a  casting  temperature  of  1410°  C.  to  1440**  C. 
in  the  pots,  and  then  in  pouring  it  into  the  ladle  one  of  1330°  C.  to  1340°  C. 
Those  tables  of  temperatures  did  not  appear  to  him  to  be  very  helpful 
because  they  were  a  long  way  from  the  truth,  nor  did  they  recommend 
the  optical  pyrometer  as  an  instrument  for  measuring  casting  temper- 
atures, as  they  seemed  to  make  no  clear  distinction  between  the  1330° 
casting  temperature  and  1330°  hardening  temperature.  He  did  not 
know  that  high-speed  steel  was  cast  at  the  same  temperature  that 
high-speed  tools  were  hardened  at.  The  casting  temperatures  were 
optical  ones  and  needed  a  good  deal  of  correction.  The  authors 
conveyed  the  impression  that  they  were  approximate.  They  could 
hardly  even  be  that.  They  must  be  more  than  200°  out,  otherwise 
the  steel  would  never  have  been  got  through  the  ladle  nozzle.  The 
authors  had  rather  taken  the  sting  out  of  any  criticisms  on  the  hardening 
temperatures  by  their  corrections,  although  the  photomicrographs 
Nos.  .17  and  18  were  still  left  uncorrected.  There  was  a  difference 
made  between  1300°  and  1305°,  the  first  temperature  giving  an  ideal 
hardened  condition  and  the  second  temperature  an  overheated  structure. 
He  did  not  know  whether  those  were  taken  on  the  same  bar,  but  there 
seemed  to  be  a  larger  range,  in  actual  practice,  than  only  5°  difference 
between  an  ideal  and  an  overheated  steel.  Whether  it  was  carbide 
or  tungstide  he  was  not  prepared  to  say,  but  it  seemed  to  him  in 
dealing  with  the  photograph  of  a  drill  (Fig.  31)  and  also  with  the 
segregation  of  the  ingot,  which  persisted  right  through  to  the  finished 
bar,  no  matter  what  size  it  became,  to  be  a  very  practical  problem, 
because  the  centre  of  the  ingot  became  the  centre  of  the  drill,  and  if 
there  were  central  segregation  the  chisel  point  of  the  drill  would  be 
involved.  A  good  deal  of  trouble  might  arise  through  that  segregation 
in  drills,  although  it  would  not  affect  turning  tools,  because  in  that 
case  it  was  not  a  question  of  the  centre  of  the  bar  being  involved. 
So  far  as  his  work  went,  segregation  was  more  marked  in  crucible 
steel,  and  in  electric  steels  it  was  less  so  ;  he  would  say  probably  one- 
half  or  one-third  in  amount.  He  was  rather  surprised  that  electric 
steels  had  not  been  studied  by  the  authors,  but  perhaps  in  a  subsequent 
paper  they  might  take  them  up,  as  they  were  well  worth  studying  in 
respect  to  segregation.  With  regard  to  cutting  tests  in  high-speed  steels, 
crucible  and  electric,  the  best  results  he  had  obtained  so  far  were 
with  electric  steel,  and  the  range  of  hardening  and  subsequent  tempering 
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was  far  greater  in  electric  steel  than  in  crucible  steel.  With  regard 
to  the  drill  point,  he  did  not  suppose  the  segregations  given  by  the 
authors  were  carbide  segregations,  to  which  they  referred  in  another 
part  of  the  paper.  They  must  be  chemical  segregations  that  would 
respond  to  analysis.  Making  larger  ingots,  as  suggested  by  a  previous 
speaker,  would  not  cure  segregation  trouble.  In  forging  and  rolling 
down  to  |-inch  "bars,  there  would  still  be  found  the  same  relationship 
of  segregation  practically  unaltered.  Even  small  contraction  cavities 
which  were  generally  found  in  crucible  high-speed  steel  persisted  in  a 
J-inch  area,  just  as  in  d-inch  or  2-inch  square  bars,  and  occupied  much 
the  same  position  though  considerably  reduced  in  size.  With  regard 
to  the  softening  process,  he  had  used  a  similar  temperature — he  had 
tried  780°  not  TOO*" — and  found  it  occupied  much  less  time  to  soften 
than  the  old  method  of  heating  up  gradually  to  860°,  soaking  for  a 
time  and  cooUng  very  gradually.  He  wished  it  to  be  understood 
that  his  remarks  embodied  his  own  personal  views. 

Dr.  F.  Sogers  (Sheffield)  said  that,  without  wishing  in  the  slightest 
degree  to  detract  from  a  most  valuable  paper,  something  was  known 
of  the  subject  in  Sheffield.  If,  however,  Sheffield  did  not  talk  about 
it  somebody  else  would,  as  for  example  the  authors  had  now  done. 
He  wished  to  emphasise  the  importance  of  the  question  of  rapid  anneal- 
ing raised  by  the  authors.  In  certain  Sheffield  works,  as  a  result  of 
investigations  with  which  he  had  been  connected,  a  very  similar  process 
had  successfully  been  adopted  for  some  years,  to  the  exclusion  of  the 
old  very  slow  cooUng  process.  The  Brinell  numbers  given  by  the 
authors  on  p.  331  were  still  rather  high  for  the  rapidly  annealed  material, 
but  the  other  special  factors  for  those  samples  taken  together  would  no 
doubt  help  to  elucidate  the  point  and  possibly  lead  to  lower  values 
in  future  trials.  There  could  be  no  doubt  that  there  were  enormous 
variations  in  results  in  the  hardening  of  high-speed  steels,  which  some- 
times seemed  almost  inexplicable.  Such  results  were  brought  out 
not  by  the  Brinell  test,  but  by  cutting  tests.  It  was  possible  to  treat 
two  tools  simultaneously  and  yet  very  rarely  get  the  same  results. 
A  method  which  he,  in  association  with  others,  had  used  was  to  break 
a  piece  of  bar  in  two,  form  a  tool  nose  on  each  piece  next  th«  break 
(by  grinding,  in  the  case  of  investigations),  and  put  the  two  pieces 
together,  with  their  noses  in  contact,  in  the  furnace.  Variations  might 
even  then  be  of  the  order  of  25  per  cent.  It  was  a  difficult  thing,  in 
the  hardening  of  high-speed  steels,  to  control  the  treatments  and 
measure  the  temperatures  sufficiently  accurately  in  all  relevant  respects 

Mr.  Howard  J.  Stago,  Jun.  (Syracuse,  N.Y.,  U.S.A.),  said  that  before 
leaving  America  he  had  been  impressed  by  what  his  friends  had  told 
him  of  the  conservatism  of  the  Enghsh  steelmaker.  His  surprise  and 
pleasure  might  therefore  be  imagined  upon  finding  such  an  able  paper 
deahng  with  works  methods  as  that  under  discussion,  and  preseiited 
by  such  able  men.     Referring  to  photomicrographs  Nos.  17  and  18, 
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he  was  inclined  to  agree  with  Mr.  Carlisle,  as  he  could  hardly  see  how  a 
difference  of  only  5"*  C.  would  cause  such  a  vast  difference  in  the  grain 
size.  He  was  inclined  to  believe  that  the  difference  in  structure  was 
more  a  function  of  time  and  temperature  than  a  function  of  the  difference 
of  only  5**  C.  Referring  to  the  curve  in  Fig.  4,  he  did  not  believe  as 
yet  the  fact  had  been  brought  out  that,  if  several  series  of  specimens 
were  hardened  at  successively  decreasing  temperatures  starting  with 
1300^  C.  by  jumps  of  about  75°  C,  and  each  series  was  reheated  in  the 
manner  indicated,  the  curves  of  each  series  would  be  somewhat  lower, 
but  more  or  less  parallel  to  the  original.  Also  the  breakdown  point 
would  not  occur  at  600°  C,  but  would  occur  at  temperatures  sucoessively 
lower  than  600°  C.  That  to  his  mind  was  somewhat  a  measure  of 
the  poorer  cutting  efficiency  of  an  underhardened  tool.  One  speaker 
had  asked  for  experience  in  upsetting  bars  into  milling  cutter  sizes. 
At  least  a  year  and  a  half  ago  a  large  amount  of  that  type  of  work 
had  been  in  progress  in  America,  and  in  milling  cutters  of  4  inches 
to  6  inches  diameter,  it  was  possible  to  obtain  hardened  fractures, 
perfectly  refined  and  microscopically  free  from  the  deleterious  segre- 
gations mentioned  in  the  body  of  the  paper. 


COBBESPONDENCE 


Mr.  J.  Ferdinand  Kayser  (Spartan  Steel  Co.,  Ltd.,  Research 
Department,  Sheffield)  wrote  that  the  power  consumed  for  the  cutting 
tests  was  extremely  great.  He  supposed  that  "  Light "  referred 
to  the  power  required  to  drive  the  lathe  before  the  tool  commenced 
cutting,  and  the  "  Full  Load  "  was  power  required  when  tool  was 
cutting.    Was  that  assumption  correct  ? 

He  could  confirm  all  the  authors'  ^remarks  concerning  the  annealing 
of  high-speed  steels.  As  the  authors  had  shown,  slow  cooling  from 
about  900°  C.  gave  a  recalescence  point  at  about  760°  C.  If  the 
cooling  were  accelerated  sufficiently  that  point  could  be  depressed 
and  the  steel  become  harder  the  greater  the  cooling  velocity.  He 
(Mr.  Kayser)  had  found  that  the  final  hardness  depended  only  upon 
the  rate  of  cooling  through  the  temperature  range  corresponding  to 
the  recalescence  point  given  with  slow  cooling  (in  that  case  about 
760°  C),  and  that  the  rate  of  cooling  through  the  actual  recalescence 
point  had  no  effect  whatsoever  upon  the  hardness.  High  chromium 
steels  behaved  very  similarly  to  tungsten-chromium  steels ;  for  instance, 
an  alloy  of  the  following  approximate  analysis  :  carbon,  1  *6  per  cent. ; 
chromium,  12  per  cent. ;  and  cobalt,  3*5  per  cent.,  when  cooled  in  air 
from  1000°  C,  gave  a  Brinell  hardness  of  601 ;  when  cooled  in  air 
to  650°  C.  and  cooling  then  retarded  so  that  time  to  fall  from  650°  C. 
to  265°  C.  was  1  hour  40  minutes,  the  Brinell  number  was  still  601. 
Slow  cooling  that  steel  gave  a  recalescence  point  at   about  740°  C. 
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In  the  two  cases  just  given  the  point  was  between  400°  C.  and  300°  C, 
but  with  the  retarded  cooling  between  650°  C.  and  265°  C.  it  was  much 
greater 

Dr.  J.  H.  Andrew  and  Mr.  G.  W.  Green,  in  replying,  wrote  that 
they  were  greatly  indebted  to  Professor  Howe  for  his  remarks  con- 
cerning the  size  of  ingots.  That  dendritic  configuration  played  a 
large  part  in  the  soundness  of  the  finished  tool  had  been  made  only  too 
apparent  from  Professor  Howe's  own  pioneer  work,  and  that  of  Baeliew 
and  Humfrey.  The  authors  had  had  considerable  experience  with 
large  ingots  and  all  their  data  were  in  entire  agreement  with  Professor 
Howe's  remarks.  The  objection  to  larger  ingots  appeared  to  be  proved 
not  only  by  practice  but  also  by  theoretical  considerations. 

The  suggestion  by  Professor  Edwards  that  there  might  be  an 
endothermic  and  an  exothermic  reaction  occurring  at  one  and  the 
same  time,  which  would  accordingly  vary  the  size  of  the  critical  point 
according  to  the  relation  in  magnitude  of  the  two  changes,  was 
interesting.  Present  knowledge  of  such  complex  steels  as  those  under 
discussion  was  as  yet  insufficient  to  say  definitely  whether  that 
interpretation  would  hold.  That  there  was  a  definite  increase  in  the 
magnitude  of  the  380°  C.  point  with  increase  in  initial  temperature 
appeared  to  be  beyond  doubt.  The  authors  had  invariably  found 
that  to  be  the  case  almost  regardless  of  the  rate  of  cooling,  while 
Yatsevitch  in  his  paper  commented  particularly  on  that  question.  The 
low  point  was  regarded  by  the  authors  as  being  distinct  from  the  high 
point.  More  recent  work  of  the  authors'  appeared  to  show  that  the 
upper  point  was  due  to  the  change  from  martensite  to  troostite,  and 
the  lower  one  to  the  transformation  of  austenite  into  martensite  and 
its  decomposition  products  troostite  and  sorbite.  The  increased 
magnitude  of  the  lower  point  with  rise  in  temperature  was  explained 
on  the  assumption  that  the  transformation  of  martensite  into  aus- 
tenite was  more  complete  at  higher  temperatures,  and  naturally  the 
greater  the  quantity  of  the  austenite  transformed,  the  greater  would 
be  the  evolution  of  heat  at  the  critical  point. 

Mr.  Ashdown's  suggestion  that  there  should  be  a  difference  between 
the  rolled  and  hammered  tool  was  not  borne  out  by  practice.  It 
shoidd  be  remarked,  however,  that  in  dealing  with  steel  used  for  tools 
the  strength  of  the  body  of  the  tool  was  not  so  much  under  consid- 
eration as  the  efficiency  of  the  cutting  edge.  So  long  as  that  part  of 
the  tool  was  austenitic  it  did  not  matter  what  the  previous  treatment 
of  the  tool  had  been,  providing,  of  course,  that  it  had  sufficient  strength 
to  stand  up  to  the  job.  Mr.  Ashdown's  suggestion  as  to  up-ending 
billets  in  order  to  obtain  cross  as  well  as  longitudinal  forging  was 
excellent,  and  might  well  be  adopted  witli  every  hope  of  improvement ; 
it  would  be  especially  applicable  to  large  milling  cutters. 

With  reference  to  Dr.  Hatfield's  suggestion  that  the  brittle  white 
constituent  was  tungstite  of  iron  rather  than  a  carbide,  the  authors 
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wished  to  draw  his  attention  to  tbe'microstructure  they  obtained  from 
the  decarburised  piece  of  high  speed  steel  referred  to  in  their  paper. 
Whereas  in  the  partially  oxidised  zone  the  white  constituent  remained 
in 'relief  and  untouched,  and  indeed  in  every  case  was  the  last  con- 
stituent to  be-  oxidised,  in  the'  more  or  less  completely  decarburised 
area  it  was  completely  obliterated.  Had  that  been  tungstite  of  iron 
it  would  be  difficult  to  6ee  why  the  constifcuent  would  be  attacked  in 
that  planner.  The  authors  did  not  consider  the  evidence  as  conclusive, 
however,  and  quite  agreed  with  Dr.  Hatfield  that  it  was  as  yet  an 
open  question. 

Mr.  Carlisle  seemed  so  much  concerned  with  the  source  of  origin 
of  the  paper,  namely,  Manchester,  that  he  appeared  to  have  quite 
overlooked  its  actual  contents.  He  stated  that  he  did  not  know  that 
Jiigh  speed  steel  was  cast  at  the  same  temperature  that  high  speed 
steel  was  harden^ed  at.  The  authors  did  not  know  that  either.  If 
Mr.  Carlisle  would  refer  to  page  308,  under  the  heading  "  Casting  Data," 
he  would  notice  that  particular  stress  was  laid  on  the  facts  that  the 
temperature  of  the  pots  were  only  approximately  correct,  whilst  those 
of  the  ladle  were  decidedly  low.  Mr.  Carlisle  suggested  that  the 
segregation  found  in  electric  steel  was  one-third  the  amount  found  in 
crucible  steel ;  if  so,  judging  from  the  analyses  given  by  the  authors  of 
the  high  speed  steel  ingots,  the  segregation  in  the  same  class  of  steel 
made  in  the  electric  furnace  must  be  one  third  of  nil,  a  rather  difficult 
fig«re  to  imagine.  His  remarks  with  regard  to  electric  steel  generally 
were,  however,  interesting.  It  was  difficult  to  understand  his  difieren- 
tiations  between  carbide  segregation  and  chemical  segregation. 

"While  the  authors  were  somewhat  amused  at  Dr.  Rogers'  remarks, 
they  warmly  appreciated  those  of  Mr.  Howard  J.  Stagg,  especially 
in  regard  to  the  up-ending  during  forging  of  high  speed  steel  with  the 
idea  of  eliminating  the  carbide  segregation.  The  authors  were  in  entire 
agreement  with  Mr.  Stagg's  suggestion  that  a  difference  of  5°  in  the 
hardening  temperature  would  not  cause  such  a  vast  difference  in 
grain  size  as  the  difference  in  time.  It  appeared,  however,  that  it  was 
the  rate  of  grain  growth  that  increased  so  rapidly  with  temperature. 
The  authors  did  not  wish  to  infer  that  there  was  any  particular  size 
of  grain  relative  to  any  one  temperature,  but  that  as  the  temperature 
was  increased  the  increase  in  grain  growth  was  greatly  accelerated 
per  degree  rise  in  temperature  as  the  high  temperatures  were  approached. 

The  authors  quite  agreed  with  Mr.  J.  Ferdinand  Kayser  in  his 
interpretation  of  the  terms  "  light  "  and  "  full  load,"  and  were  pleased 
to  note  that  the  remarks  concerning  the  annealing  of  high  speed  steel 
were  confirmed  by  him.  The  experiments .  quoted  by  Mr.  Kayser 
with  chrome  cobalt  steel  were  extremely  interesting  and  served  to 
confirm  the  authors'  results.  No  doubt  Mr.  Kayser  would  agree  with 
them  in  their  statement  that  it  was  necessary  completely  to  suppress- 
the  upper  point,  and,  generally  speaking,  almost  completely  to  suppress 
the  lower  point  to  obtain  the  maximum  hardnees. 
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SOME  POINTS  IN  THE  MANUFACTURE 
OF  FILES. 

By  GEO.  TAYLOR  (Shbffibld). 

Steel. 

At  no  time  in  the  history  of  file-making  has  the  importance 
of  the  file  been  realised  so  much  as  during  the  past  four  years, 
and  probably  at  no  time  in  its  history  has  the  need  for  reorgani- 
sation been  so  urgently  required  as  now.  During  the  time  that 
scientific  attention  has  been  given  to  other  branches  of  industry, 
the  file  trade  has  rusticated.  By  dint  of  stress  from  outside  a 
few  mild  improvements  have  been  made,  but  in  the  main  things 
have  gone  along  in  a  seemingly  happy-go-lucky  way,  perhaps 
due  in  a  measure  to  the  idea  more  or  less  prevalent  that  file- 
making  is  not  a  very  paying  business.  Keen  competition  and 
the  lack  of  scientific  investigation  and  organisation  are  the 
principal  causes  of  this  attitude. 

Half  a  century  ago  nearly  all  files  were  made  from  crucible 
steel.  To-day  nearly  all  files  are  made  from  either  Siemens  or 
Bessemer  steels.  Exceptions  are  such  files  as  warding,  taper, 
and  mill  saw,  and  other  very  small  files.  In  the  Sheffield  district, 
in  point  of  chemical  composition,  the  steels  used  fall  between 
the  following  limits : 


Carbon  . 
Siliooa    . 
Msnganeae 
Sulphur 
Phosphorus 


Per  Cent     Per  Cent. 
.      0-90    to      1-40 
.      010    „       0-2r> 
.      0-SO    „       0-80 
.      0-01     „       006 

.    002   „      ooe 


On  the  Continent,  and  to  a  relatively  less  extent  in  this  country, 
some  files  are  made  from  milder  steels  of  Bessemer  origin.  The 
amount  of  carbon  may  be  as  low  as  0-35  per  cent.  Such  material 
cannot  be  hardened  in  the  ordinary  form  of  lead  bath,  but  must 
be  liandled  by  a  modified  fomi  of  hardening  process  in  use  in 
the  tenth  century,  or  earlier,  which  is  more  fully  dealt  with  under 
"Hardening." 
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Of  late  years,  with  a  desire  to  produce  a  better  and  more 
durable  article,  manufacturers  have  resorted  to  the  practice  of 
adding  special  elements  to  file  steels,  and  fancy  names,  generally 
of  a  misleading  character,  have  been  given  to  files  made  from 
such  materials.    These  special  elements  are  chiefly  chromium 
and  tungsten.    These  elements  are  used  in  tool  steels  either  to 
increase   their   effective   hardness  and  the   depth  to  which   it 
penetrates,  or  to  sustain  a  keen  cutting  edge  for  smooth  finishing 
purposes.    Neither  of  these  objects  are  attainable  by  the  present 
methods  of  file-making  in  anything  like  the  sense  in  which  they 
appeal  to  the  maker  of  machined  or  groxmd  tools.    Whatever 
commercial   advantage   there    may   be  in   using  these  special 
elements  in  file  steels,  there  is  probably  no  great  increase  in  the 
actual  efficiency  of  the  file,  and  there  may  be  some  decrease  unless 
a  number  of  oft-overlooked  precautions  are  simultaneously  taken. 
The  hardness  of  the  file  tooth  and  the  depth  to  which  the  hardness 
penetrates  have  never  been  grounds  for  complaint  which  can 
be  remedied  by  adding  chromium  to  steel,  and  the  sharpness, 
efficiency,  and  durability  of  the  teeth  suffer  less  for  want  of 
tilngsten  than  for  want  of  care  in  controlling  their  size,  shape, 
regularity,  and  the  rake  and  clearance  angles  of  their  cutting 


From  a  large  number  of  tests  of  both  chrome  and  ordinary 
steel  files  made  on  the  Herbert  testing  machine — files  cut  imder 
the  same  conditions  by  the  same  man  with  the  same  angles  on 
the  chisel,  and  on  blanks  with  the  same  Brinell  number — the 
average  results  are  about  equal. 

It  is  well  known  that  files  vary,  and  it  is  quite  possible  to 
obtain  a  file  now  and  again  which  will  show  a  very  good  curve 
when  tested  on  the  Herbert  machine,  but  such  results  are  largely 
due  to  accident  or  chance,  and  not  to  design,  and  arise  owing  to 
the  unscientific  way  in  which  files  are  at  present  made.  Many 
of  the  tests  of  chrome  steel  files  have  fallen  much  below  those  of 
ordinary  files,  showing  that  those  extra  precautions  have  been 
overlooked,  which  must  be  taken  if  chrome  steels  are  to  be  worked 
to  the  best  advantage. 

No  doubt  in  time  we  shall  find  good  reason  for  adding  special 
elements  to  file  steel,  or  for  leaving  out  some  elements  whose 
interference  is  only  vaguely  suspected.     This  part  of  the  business 
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lies  very  properly  with  the  metallurgist,  and  when  the  game  amount 
of  care  is  given  to  this  part  of  file-making  as  is  already  given  to 
the  making  of  other  cutting  tools,  many  of  the  problems  which 
trouble  the  manufacturer  will  be  removed,  and  he  will  be  assisted 
materially  in  the  production  of  a  better  article. 

In  relation  to  the  manufacture  of  files,  crucible  and  Siemens 
steels  are  to  be  distinguished  chiefly  by  the  different  amounts 
of  manganese  which  they  contain.  This  element,  more  than 
the  usual  variation  in  the  amount  of  carbon,  determines  the  depth 
to  which  the  hardness  through  and  beyond  the  tooth  of  the  file 
penetrates.  It  is  objectionable  in  small  files,  chiefly  because  it 
causes  them  to  harden  intensively  throughout,  and  makes  them 
correspondingly  brittle.  It  may  be  objectionable  in  large  files 
too,  both  for  that  and  other  reasons.  Siemens  steels  are  also 
generally  less  free  from  roaks  and  other  surface  defects  which, 
particularly  in  round  files,  might  cause  them  to  split  on  hardening. 
This,  however,  does  not  involve  any  serious  amount  of  incon- 
venience and  loss,  as  the  roaks  are  mostly  visible  after  grinding, 
and  the  blanks  can  then  be  rejected. 

Soft  files,  due  to  the  surface  of  the  ingot  and  billets  becoming 
decarburised  in  the  reheating  furnace  prior  to  rolling,  are  not 
distinguishable  until  they  are  practically  finished.  For  softness 
occurring  in  spots  or  patches,  the  rolling-mill  is  not  necessarily 
to  blame.  It  should  be  recognised,  however,  that  most  of  the 
bars  as  they  leave  the  mill  or  forge  are  surrounded  by  envelopes 
of  carbonless  metal,  which  may  be  increased  in  depth  in  the 
subsequent  forging  and  annealing  operations,  and  must  be  later 
entirely  removed  by  grinding  if  soft  files  are  to  be  avoided. 

Fig.  1  is  an  enlarged  photographic  representation  of  a  section 
of  flat  file  steel  showing  the  carbonless  white  envelope. 

The  troubles  which  afflict  the  file-maker,  so  far  as  the  steel 
is  concerned,  might  be  considerably  mitigated.  He  knows  too 
seldom  what  the  chemical  composition  of  the  material  is  which 
is  delivered  to  him.  (I  have  known  the  carbon  to  vary  in  presum- 
ably the  same  steel  from  0*55  per  cent,  to  1*60  per  cent.)  Very 
often,  too,  he  works  up  material  for  the  sake  of  cheapness  which 
has  been  found  unsuitable  for  some  other  purpose. 

The  first  thing,  then,  to  be  done  is  to  determine  what  is  the 
most  suitable  steel.    Secondly,  always  to  order  to  that  analysis. 
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Thirdly,  to  insist  on  the  cast  number  and  analysis  being  given 
with  each  delivery  of  material.  Fourthly,  to  check  the  analysis. 
Fifthly,  from  each  delivery  of  material  to  examine  the  extent 
of  decarburisation.  In  this  way  the  examination  will  become  a 
properly  organised  part  of  the  file-maker's  system  and  prevent 
many  of  the  subsequent  troubles  he  now  experiences. 


Forging. 

When  M.  Jars  visited  this  country  in  1765,  he  inspected  the 
Sheffield  and  Newcastle  file  industries,  and  made  some  interesting 
notes  on  what  he  saw.  Eef erring  to  Sheffield,  he  writes  :  "  Specially 
noteworthy  was  a  machine  driven  by  water  on  which  a  single 
man  made  as  many  files  in  a  day  as  fifty  file-cutters  could  work  up 
in  the  usual  way."  But  the  inventor  and  possessor  of  this  machine, 
Thomas  Lightowller,  destroyed  it  out  of  caprice.  This,  I  believe, 
had  reference  to  a  forging  hammer.  The  first  use  of  a  water- 
driven  hammer  for  file  forging  was  made  in  Germany,  and  was 
called  a  Eeckhammer.^  However,  practically  all  files  were  forged 
by  hand ;  the  smaller  sorts,  single  hand ;  and  the  larger  and 
heavier,  double  hand  ;  i.e.  by  two  men — a  forger  and  a  striker. 
The  steam-hammer  was  first  used  in  Sheffield  for  file  forging  about 
the  year  1879.  Hand-forging  occupied  a  large  number  of  workers 
for  many  years,  and  it  was  not  until  the  introduction  of  the 
belt-driven  hammer  (Eig.  2)  that  hand-forging  was  superseded. 
Some  files,  principally  very  small  sorts,  are  still  hand-forged,  but 
the  vast  bulk  of  the  work  is  executed  by  belt -hammers  and  rolling 
machines.  The  rolling  machines  now  in  use  (Fig.  3)  are  a  great 
improvement  on  the  earlier  designs,  and  they  have  helped  con- 
siderably to  increase  the  output  of  files  for  all  munition  purposes 
during  the  war. 

Breeze  fires  had  been  in  general  use  for  heating  the  blanks 
preparatory  to  forging,  but  with  the  advent  of  steam-hammers 
large  coke  fires  were  built.  These  continued  in  use  after  the 
belt-hammer  was  installed,  until  gas  became  recognised  as  the 
cleanest  and  most  manageable  means  of  heating.  Many  people 
^  still  have  their  coke  fires,  and  some  of  them  believe  that  these 
possess  a  certain  virtue  not  to  be  found  in  gas  fires,  in  that 

1  See  Beck,  "  Qescbichte  des  Eisena.'* 
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decarburisation  does  not  take  place  so  readily.    Fig.  4  shows 
the  latest  type  of  gas-fired  furnace. 

Decarburisation  may  occur  no  matter  what  kind'  of  furnace 


Fig.  2. — Belt4riven  Hammer. 

is  used,  and  is  not  necessarily  more  frequent  as  a  result  of  the 
use  of  gas  fires. 

Whatever  means  are  used  to  heat  the  file  blank  it  is  of  the 
greatest  importance  that  it  should  not  be  overheated.  When  a 
series  of  bars  are  being  heated  simultaneously,  the  forger  should 
see  that  none  of  them  become  hotter  than  is  necessary  to  give 
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them  the  required  shape  before  the  temperature  falls  below  dull 
redness.     Nor  should  the  bar  which  has  to  be  drawn  into  a  taper 


Fio.  3.— Filo  Bolling-Machino. 

file  have  more  of  its  length  raised  to  a  forging  heat  than  will  allow 
the  taper  to  be  practically  formed.  Steel  which  has  been  raised 
to  a  forging  heat  and  not  subsequently  forged  assumes  a  coarsely 
granular  structure,  which  may  or  may  not  be  remedied  by 
subsequent  annealing.  If  not  remedied  the  hardened  file  is 
needlessly  brittle  in  the  overheated   part,  and  may  break  in 
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straightening,  cutting,  or  hardening,  or  it  may  break  off  short 
in  use. 


Fio.  4.— Qas  aod  Air  Blast  Forging  Farnaoe.    Cro68  Section. 

Fig.  9  is  a  section  from  a  file  which  broke  during  the  straighten- 
ing after  it  had  been  annealed. 

It  is  advisable  that  the  forger  should  be  instructed  : 

(1)  As  to  the  kind  of  material  he  is  to  forge. 

(2)  As  to  the  temperature  at  which  he  must  work. 

(3)  Not  to  leave  heated  blanks  in  the  fire,  but  to  finish 

them  before  leaving  his  hajnmer. 

File  forgers  are  rarely  given  such  particulars ;  if  they  were 
instructed,  not  only  would  there  be  less  overheating  than  now 
occurs,  but  they  would  develop  more  interest  in  their  work. 

If  overheating  is  suspected  it  should  be  looked  for  just  beyond 
the  tapered  portion.  If  the  fractured  surface  in  that  portion 
is  coarser  than  in  the  unforged  part  nearer  the  tang,  the  forger 
and  not  the  rolling-mill  is  obviously  to  blame.  Needless  exposure 
of  the  file  blank  to  high  temperatures  may  increase  the  depth 
of  the  decarburised  envelope,  and  lead  to  irregular  patches  of 
soft  teeth  towards  the  point  of  the  file.  The  old  saying  that  the 
"  nature  '*  has  been  burnt  out  of  the  steel,  and  it  therefore  will 
not  harden  properly,  or  has  no  longer  the  "  body  '*  necessary 
to  give  it  the  required  strength,  generally  means  only  that  the 
surface  of  the  file  is  deficient  in  carbon,  and  the  coarse  crystalline 
structure  allows  a  crack  to  be  readily  started  and  propagated 
through  it.  The  demands  made  on  the  strength  of  a  file  at  the 
tang  end  being  comparatively  small,  some  degree  of  overheating 
may  be  tolerated  in  that  part,  providing  it  is  well-tempered  after 
hardening ;  still,  overheating  of  steel  is  always  more  costly  than 
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the  proper  kind  of  heafing,  though  the  difference  may  not  always 
be  readily  perceived. 

Another  point  of  considerable  importance  in  forging  is  the 
production  of  a  uniform  shape  of  blanks.  Under  present  condi- 
tions it  is  practically  impossible  to  produce  quantities  of  blanks 
that  are  perfectly  uniform,  but  as  future  developments  in 
grinding  and  cutting  operations  will  bd  based  on  uniformity  of 
the  forged  blanks  attention  must  now  or  later  be  given  to  this 
point.  File-makers  need  the  co-operation  of  engineers  with  a 
view  to  solving  this  and  other  problems  in  file-making,  the  urgency 
of  which  is  apparent  when  we  consider  the  higher  organisation 
that  exists  in  America  and  also  in  Germany,  and  the  keenness 
of  the.  competition  with  which  we  are  likely  to  be  met  in  the 
world's  markets. 


Annealing  and  Straightening. 

The  ancients  had  no  need  to  anneal  their  file  blanks  pre- 
paratory to  other  operations. .  As  they  were  made  from  iron, 
or  very  mild  steel,  all  they  had  to  do  was  to  prepare  a  surface 
to  receive  the  cutting.  With  the  use  of  high-carbon  steels  arose 
the  necessity  of  softening  the  blanks  sufficiently  to  allow  the 
metal  to  flow  up  into  a  ridge  or  tooth  under  the  impact  of  the 
cutting  chisel.  The  older  furnaces  used  for  this  purpose  were 
built  of  brick,  and  consisted  of  a  fire-chamber  in  which  the  blanks 
were  stacked.  At  the  sides  were  holes  through  which  the  flames 
from  the  coal  were  drawn  by  means  of  a  flue  and  damper.  The 
smoky  flames  penetrated  through  the  body  of  files  and  heated 
them  to  the  proper  temperature,  as  determined  by  the  prac- 
tised eye  of  the  annealer.  When  the  required  heat  was  reached, ' 
the  furnace  damper  was  pushed  in  and  the  files  allowed  to  soak, 
then  the  fire  died  down  and  was  drawn.  This  operation  was  com- 
pleted in  three  days.  (See  Fig.  5.)  From  this  type  of  furnace  a 
departure  was  made  to  a  larger  long  type,  with  firing-chamber  at 
one  end,  the  lambent  flames  being  drawn  over  the  files,  which 
were  arranged  in  mild  sheet  steel  trays,  by  means  of  a  flue,  the 
mouth  of  which  was  placed  in  the  roof  at  the  opposite  end  (Fig.  6). 
A  variation  on  this  type  was  that  in  which  the  flue  was  carried 
under  the  bed  of  the  furnace. 
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The  latest  and  most  efficient  type  is  the  gas-fired  furnace. 
Pigs.  7  and  8  show  two  types  of  these  furnaces  in  section  to 
illustrate  the  working.  By  means  of  these  furnaces  it  is  possible 
to  anneal  much  larger  quantities  of  file  blanks,  and  to  do  them 
quicker,  cleaner,  and  with  better  control.  All  older  types  of 
furnaces  are  still  in  use,  the  idea  being  prevalent  in  some  quarters 
that  the  smoky  flames  of  the  coal  furnace  are  better  for  the  files. 

Pyrometric  control  of  annealing  temperatures  is  not  universal 


Fio.  6. — Annealing  Furnace  for  Blanks 
(old  form). 


Fio.  6. — ^Annealing  Furnace  for  Blanki 
(later  form). 


in  the  file  trade,  but  it  is  obvious  that  in  the  future  pyrometry 
will  be  found  as'  useful  here  as  in  other  branches  of  the  tool- 
making  industry. 

The  main  object  of  annealing  the  forged  blanks  is  to  make 
them  soft,  in  order  to  facilitate  the  work  of  the  grinder  and 
cutter.  Should  the  blanks  be  made  as  soft  as  possible  ?  One 
would  answer  instinctively,  **  Yes,  of  course.'*  And  yet  there  are 
skilled  men,  file-makers  for  the  last  half-century,  who  maintain 
that  1  per  cent,  carbon  steel,  for  example,  can  be  made  so 
soft  that  on  cutting  "  the  tooth  will  not  rise  properly."  This 
statement  is  difficult  to  understand,  but  if  one  investigates  the 
1919— i.  2  A 
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shape  of  tooth  formed  on  copper,  wrought  iron,  mild  steel,  &o., 
by  the  same  chisels  and  machines  as  are  being  regularly  used  to 
cut  ordinary  file  steel,  it  will  be  found  that  the  same  conditions 
as  produce  a  reasonably  good  tooth  on  moderately  softened 
1  per  cent,  carbon  file  steel  will  not  necessarily  produce  a 
desirable  form  of  tooth  on  soft  copper  or  wrought  iron,  or  even 
on  very  mild  steel.    It  may,  however,  be  taken  as  a  reliable  fact 


^^""^  Secondary 

^'V  Air  Valve. 


Gft«  Qa8  Bar. 


Fig.  7 — Nataral  Draught  Oas  Annealing  Furnace, 

that  the  softer  the  blanks,  so  long  as  the  degree,  of  softness  is 
uniform  and  the  shape  of  the  chisel  is  suitably  adapted,  the 
better  form  of  tooth  it  is  possible  to  make,  and  obviously  the 
easier  and  cheaper  the  grinding  and  cutting  operations  become. 
In  order  to  harden  his  chisels  the  file-cutter  quenches  them 
from  a  certain  temperature  between  750°  C.  and  800°  in  water. 
In  the  quenched  state  they  are  too  brittle  for  use,  so  he  reheats 
them  to  some  temperature  between  200°  and  300°,  and  finds  that 
they  have  become  softer  and  tougher.  If  they  are  still  too 
brittle  he  reheats  them  or  tempers  them  to  a  still  higher  tempera* 
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ture  unta  a  suitable  degree  of  softness  and  toughness  has  been 
reached.  He  knows  that  if  the  chisels  had  been  quenched  out 
in  the  first  instance  in  warm  water,  oil,  or  molten  lead,  they  would 
have  been  softer  than  they  were  after  quenching  in  cold  water, 


Fig.  8. — Low  Prcssore  Gas  and  Air  Annealing  Farnace. 

and  he  should  therefore  be  prepared  as  a  matter  of  experience 
to  believe : 

(1)  That  the  hardness  of  steel  depends  on  the  rate  at  which 

it  is  cooled. 

(2)  That  having  once  been  hardened  it  can  be  softened  to 

some  extent  by  reheating  or  tempering  at  temperatures 
below  or  up  to  low  redness. 

It  would  be  quite  impracticable  to  cut  efficient  .files  from  many 
forged  blanks  unless  they  were  first  softened.  To  make  the 
softening  operation  absolutely  imperative  and  give  greater 
emphasis  to  the  following  observation,  let  us  suppose  that  the 
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blanks  are  as  hard  as  possible ;  that  is  to  say,  let  them  have 
been  water-quenched.  If  from  this  stage  they  are  reheated 
respectively  at  100°,  200°,  300°,  400°  C,  and  so  on,  they  become 
softer.  At  500°  C.  a  faint  redness  might  be  seen  in  the  dark, 
and  a  hardened  file  blank  after  reheating  to  this  temperature 
had  a  Brinell  hardness  number  of  321.  After  reheating  to  600°  C. 
the  Brinell  number  was  241  ;  after  700°  C.  it  was  187.  In  every 
case,  during  these  observations,  the  file  blank  was  kept  at  the 
stated  temperature  for  two  hours,  and  it  was  almost  a  matter 
of  indifference,  so  far  as  its  hardness  was  concerned,  whether  the 
file  blank  was  allowed  to  cool  in  the  air  or  quenched  out  in  cold 
water.  At  a  temperature  of  700°  C.  we  are  on  the  verge  of  a 
sudden  change,  whose  effect  is  clearly  illustrated  by  the  following 
table : 

Table  I. 


Reheated 

Cooled  in 

Qaenohed  in 

to 

Air. 

Water. 

700»a 

187 

187 

72««»C. 

170 

187 

7WC. 

106 

656 

MO^C. 

241 

666 

owe. 

260 

666 

These  observations  show  quite  clearly  that  if  it  is  intended 
to  soften  file  blanks  by  reheating  to  a  certain  temperature  and 
allowing  them  to  cool  in  the  air — a  practice  by  no  means  unusual 
in  the  trade — then  the  nearer  the  maximum  temperature  reached 
approaches  the  temperature  at  which  they  would  harden  if  water- 
quenched,  the  softer  they  become.  If,  however,  this  temperature 
is  overstepped  the  blanks  get  harder,  and  this  practice  in  en- 
deavouring to  attain  the  greatest  possible  softness  is  apt  to  be 
pushed  too  far  and  produce  instead  blanks  of  a  mixed  kind, 
some  being  much  harder  than  others,  which  is  always  undesirable 
if  regular  work  at  fixed  piecework  rates  has  to  be  done.  This 
method  of  "  annealing  *'  file  blanks  is  therefore  not  commendable. 

The  only  remaining  alternative  is  to  reheat  the  blanks  to  a 
temperature  at  which  they  would  harden  if  water-quenched, 
«and  to  make  the  subsequent  cooling  so  slow  that  they  remain 
suitably  soft.  The  material  referred  to  in  the  last  paragraph, 
when  cooled  uniformly  from  760°  C.  in  twenty-four  hours,  had  a 
Brinell  hardness  number  of  156.  It  is  not  essential  to  keep  the 
blanks  in  the  furnace  till  they  are  stone  cold ;   when  they  are 
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no  longer  visibly  red  the  cooling  can,  if  desired,  be  completed 
with  the  doors  and  dampers  up,  or  by  drawing  the  files  into  the 
air.  By  this  latter  procedure  the  blanks  can  be  made  softer, 
and  more  uniformly  soft  than  is  possible  by  any  form  of  reheating 
followed  by  cooling  in  the  air.  That  the  blanks  are  more  apt  to 
scale  is  true,  but  that  can  be  easily  avoided,  and  is  in  any  case  a 
comparatively  small  matter. 

If  the  blanks  have  been  overheated  in  the  forge,  the  annealing 
furnace  is  the  place  to  make  that  defect  good  ;  or  at  least  to 
remedy  the  defect  as  far  as  it  is  remediable.  The  coarse  crystalline 
structure  due  to  overheating  is  not  at  all  removed  by  the  soften- 
ing which  depends  on  reheating  and  air  cooling.  The  coarse  may 
be  replaceable  by  the  fine  structure  only  during  the  passage 
through  at  least  that  range  of  temperature  which  confers  on  the 
steel  the  capacity  of  hardening  when  water-quenched  ;  and  that 
range  of  temperature,  as  we  have  seen,  can  be  used  with  effect 
only  when  the  subsequent  cooling  takes  place  very  slowly.  These 
considerations  will  not  appeal  very  strongly  to  those  who  nisver 
produce  overheated  blanks,  but  are  set  down  here  for  the  sake 
of  completeness  and  the  special  benefit  of  the  inquiring  person 
who  may  at  times  be  troubled  with  cracked  files  which  seem  to 
have  gone  wrong  somehow. 

The  file-maker  is  very  conservative  in  his  views.  He  still 
continues  to  use  steels  containing  so  much  carbon  that  the  file 
is  diffused  throughout  with  a  network  of  free  cementite.  This 
makes  the  file  brittle  and  adds  little  or  perhaps  nothing  to  the 
usefulness  or  wearing  quality  of  the  tooth* ;  it  adds  enormously, 
however,  to  the  possibility  of  the  teeth  cracking  during  the 
hardening  operation  or  breaking  off  in  use.  It  frequently  happens 
that  the  surface  of  the  file,  even  below  that  portion  ground  away, 
becomes  decarburised  to  a  certain  degree  and  so  protects  the 
file-maker  against  himself.  Note,  for  example,  that  the  free 
cementite  in  Fig.  11  stops  short  an  appreciable  distance  below 
the  surface  of  the  blank. 

.  But  the  serious  objection  to  the  use  of  the  file  steel  containing 
over  1  per  cent,  carbon  lies  in  the  fact  that  such  steel  once  over- 
heated cannot  he  restored  by  heating  to  a  temperature  just  above 
that  from  which  it  could  be  hardened.  Fig.  9  may  be  taken  to 
represent  the  microstructure  of  such  a  steel  in  the  overheated 
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state.  When  fractured  the  eicposed  surfaces  glare  and  glisten. 
If  the  material  is  made  into  a  file  by  the  ordinary  processes  and 
hardened,  a  fractured  surface  has  still  a  coarse,  dry  appearance, 
and  such  files  break  readily  in  use  even  if  they  happen  to  pass  the 
ringing  test.  Such  steel  can  only  be  restored  to  a  finely  crystalline 
state  by  heating  it  to  a  temperature  at  which  the  free  cementite 
cell  walls  go  into  solution.  When  the  steel  contains  as  much  as 
1 J  per  cent,  carbon,  the  temperature  required  will  exceed  900°  C. 
If  exposed  for  a  long  time — say  two  or  three  hours — at  that 
temperature,  the  outer  portions  of  the  bar  which  by  partial 
decarburisation  are  lower  in  carbon,  became  seriously  overheated, 
and  one  is  faced  with  a  fractured  bar  fairly  fine  in  the  mass,  but 
surrounded  by  a  coarsely  crystalline  envelope,  which  is  sharply 
divided  from  the  interior  portions. 

It  is  important  that  during  annealing  the  file  blanks  should 
lose  their  shape  as  little  as  possible,  not  only  because  the  sub- 
sequent straightening  is  unproductive  labour,  but  because  the 
blow  of  the  hammer  distorts  and  hardens  the  material  in  patches. 
Very  severe  blows  may  cause  the  parts  struck  to  glaze  in  grinding 
or  to  damage  the  chisel  in  the  cutting  operation.  These  troubles 
are  rarely  ascribed  to  the  straightening  operation  ;  less  rarely, 
in  fact,  than  they  should  be  when  one  remembers  that  the 
straightener  in  some  factories  is  instructed  to  leave  the  mark  of 
the  hammer  face  or  edge  in  the  blank;  so  that  the  grinder  must 
perforce  "  bottom  "  the  scale. 

To  wilfully  make  a  more  or  less  deep  impression  in  the  surface 
of  the  file  blank  in  order  to  check  the  thoroughness  of  the  grinding 
is  but  to  replace  one  possible  disadvantage  by  another.  It  is  easy 
without  the  depression  to  see  when  the  scale  has  been  properly 
ground  off.  What  the  depression  implies  is  that  the  grinder 
shall  remove  a  measurable  thickness  of  metal  below  the  scaled 
surface  in  order  that  any  carbonless  surface  envelope;  as  illustrated 
by  Pig.  1,  shall  be  removed.  It  is  only  on  very  rare  and  un- 
avoidable occasions  that  the  carbonless  envelope  would  not  be 
removed  by  the  grinder  without  any  precautions  being  taken. 
If,  however,  precautions  are  necessary,  somethuag  less  objection- 
able than  the  mark  of  the  hammer  face  should  be  used. 

If  the  surface  of  the  blank  is  appreciably  decarburised  the 
entire  surface  of  the  impression  left  by  the  hammer  is  decar- 
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borised  too,  and  if  the  impression  is  not  "  bottomed  "  on  that 
part  at  least  the  catting  edges  of  the  file  teeth  will  be  soft.  A 
brief  glance  at  Fig.  10,  which  represents  on  a  magnified  scale  a 
section  through  a  hammer  mark,  will  make  this  matter  clear. 
In  Fig.  11  we  have  a  photomicrograph  taken  through  a  dinted 
file  blank  after  the  carbonless  envelope  had  been  removed  from 
every  part  save  that  which  had  been  heavily  struck  by  the 
straightening  hammer.  All  soft  spots  in  finished  files  are  not 
due  to  the  above  causes,  but  many  of  them  are  directly  due  to 
the  means  taken  to  avoid  them. 


Grinding. 

Before  grinding-stohes  were  discovered,  in  the  days  when 
the  first  bronze  and  iron  files  were  made,  the  surface  which  was 
to  receive  the  "  furrows  "  or  "  notches  "  to  form  cutting  edges 
must  have  been  prepared  by  means  of  a  hammer.  This  would 
entail  very  skilful  and  laborious  work.  Perhaps  after  hammering 
they  were  rubbed  with  stones,  which  proceeding  would  lead  to 
the  making  of  grindstones  to  be  turned  by  hand.  This  in  turn, 
with  the  advent  of  the  waterwheel  and  later  the  steam-engine, 
gave  way  to  power-driven  stones.  Not  until  the  middle  of  the 
last  century  did  machine  grinding  begin  to  make  its  way,  and 
now  the  bulk  of  grinding  is  done  by  machinery.  The  objects 
of  grinding  are  to  remove  aU  scale  and  to  give  a  flat,  smooth 
surface  to  the  file,  so  that  the  next  operation  of  cutting  can  be 
executed  properly. 

If  file  blanks  have  hard  patches,  they  have  been  "  glazed  ** 
by  the  grinder  ;  if  they  have  soft  places,  he  has  not  "  bottomed  " 
the  scale.  These  are  almost  articles  of  faith  in  many  factories. 
Indeed,  these  statements  have  been  so  firmly  believed  that 
grinders  have  actually  been  dismissed  because  they  were  held 
responsible  for  "  soft  files."  In  this  respect  the  grinder  has  been 
most  unfairly  treated,  and  affords  an  instance,  of  which  many 
might  be  quoted,  of  the  lack  of  proper  study  and  investigation 
of  problems  affecting  the  making  of  files,  which  has  been,  and  still 
is,  characteristic  of  file  manufacturers.^ 

1  Since  writing  the  above  a  **  File  Tnde  Technical  Society  "  has  been  founded  with  the 
object*  amongst  others*  of  inyestigating  such  matters. 
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In  the  xnajoHty  of  cases  soft  spots,  as  we  have  seen,  are  dud 
to  the  absurd  precautions  taken  to  avoid  them.  The  forged  blanks 
may  be  seriously  decarburised  below  the  bottom  of  the  scale, 
but  no  one  can  tell  whether  they  are  or  not  except  by  making  a 
microsection,  and  in  any  case  the  grinder  is  in  no  way  to  blame. 
A  grinder  has  done  his  duty  when  he  has  deUvered  his  work  free 
from  "  blacks  "  and  level  on  the  surfaces.  Either  the  rolling- 
mill  or  the  forger  is  to  blame — generally  the  former.  If  it  is 
imperative  that  the  grinder  should  remove  a  certain  thickness 
of  metal  from  each  side  of  the  blank,  the  most  certain  way  to 
ensure  this  is  to  cut  a  mark  to  the  required  depth  and  insist  on 
that  mark  being  ground  out.  In  some  cases  this  has  been  done 
by  means  of  a  small  pointed  hammer  similar  to  a  pick.  It  is, 
however,  not  usually  necessary  to  do  more  than  remove  the 
scale  completely.  If  after  this  soft  files  occur,  the  remedy 
obviously  does  not  lie  in  worrying  the  grinder. 

The  grinder  is  also  not  necessarily  responsible  for  hard  patches. 
For  glazing  pure  and  simple  he  is  usually  to  blame,  but  in  this 
respect  the  hand -grinder  does  not  err.  If  the  corner  of  a  softened 
file  blank  be  pressed  heavily  on  to  a  revolving  emery-wheel  it 
can  be  quickly  raised  to  incandescence.  On  being  withdrawn 
the  red-hot  comer  cools  instantly,  and  will  be  found  on  trial  to 
have  hardened  considerably.  In  this  way,  on  a  grinding  machine 
the  gritstone  can  be  brought  so  fiercely  on  to  the  blanks  that 
they  are  locally  and  momentarily  made  red-hot.  The  sudden 
cooling  which  follows  causes  the  heated  patches  to  harden,  and 
lays  up  a  store  of  trouble  for  the  file-cutter.  In  a  milder  way, 
when  a  machine  grinder  is  working  with  insufficient  water  and 
an  excessive  amount  of  pressure,  the  whole  file  blank  may  become 
hard.  Not  infrequently  file-cutters  complain  that  the  grinder 
has  "  case-hardened  *'  the  blanks.  This  is  a  colloquialism  to 
indicate  glazing  (the  effect  described).  The  softer  the  blanks, 
the  less  readily  does  the  glazing  occur  ;  with  blanks  made  from 
very  mild  steel  its  occurrence,  for  obvious  reasons,  is  practically 
unknown. 

There  are  four  serious  defects  in  grinding  which  exercise  a 
deleterious  influence  in  the  cutting  process.     These  are : 

(1)  The  surface  of  the  blank  may  be  ground  slightly  concave. 

(2)  It  may  be  ground  slightly  convex. 
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(8)  There  may  be  a  wavy  appearance  giving  a  series  of 

depressions. 
(4)  The  surfaces  may  be  covered  with  scratches  due  to  a 

coarse  gritstone. 

If  the  first  and  second  faults  are  not  regarded  as  very  seri6us, 
the  cutter  will  endeavour,  so  far  as  **"  bastard  "  and  rougher  cuts 
are  concerned,  to  meet  the  difficulty  in  the  grinding  of  his  chisel. 
But  the  remedy  is  not  entirely  successful,  as  the  finished  file 
does  not  possess  a  perfectly  uniform  surface.  In  the  one  case 
the  file  will  not  cut  at  the  edges  on  the  fiat  sides  until  the  middle 
portion  is  worn  down  ;  in  the  other  case  the  edges  must  be  worn 
down  before  the  teeth  in  the  middle  can  come  into  operation. 
The  only  remedy  with  such  files  is  re-grinding.  This  applies  also 
to  the  third  defect.  The  wavy  appearance  is  due  to  the  stone 
in  the  machine  having  worn  very  small  and  "  dancing  "  on  the 
file  blanks.  The  same  defect  is  seen,  too,  on  files  which  have 
had  the  "  over-cut  "  smoothed  down  by  unequal  pressure  on  an 
emery-wheel.  In  the  finished  file  the  defect  can  be  plainly  seen, 
and  such  files  ought  to  be  rejected  as  **  wasters." 

The  fourth  defect  is  a  difficult  one  to  deal  with.  It  is  caused 
not  only  in  grinding,  but  in  *'  stripping."  The  finish  on  a  file 
blank  is  of  importance,  and  it  is  the  aim  of  the  grinder  to  produce 
as  smooth  a  surface  as  possible.  Unfortunately,  gritstones  vary 
so  much  that,  no  matter  how  careful  a  grinder  may  be,  he  cannot 
avoid  deep  scratches  on  the  blanks.  Some  stones  are  soft  and 
fine-grained ;  others  are  hard  and  coarse,  or  to  use  a  grinder's 
expression,  they  are  **  full  of  pebbles  "  and  have  no  "  muck  " 
in  them.  These  latter  are  responsible  for  the  worst  examples 
of  scoring.  When  the  hacker  blades  in  the  grinding  machine 
are  brought  in  contact  with  the  face  of  the  stone  to  level  it,  the 
coarse  silica  grains  acquire  sharp  cutting  points  which  dig  into 
the  blanks  during  the  process  of  the  operation  and  produce 
scratches.  If  such  blanks  are  cut  single  without  further  work 
of  smoothing,  a  series  of  serrations  will  be  found  on  the  edges 
of  the  teeth.  These  serrations  can  be  well  seen  on  the  top 
edge  in  the  magnified  photograph  of  a  single  cut  file  in  Fig.  12. 
If  it  is  remembered  that  these  serrations  occur  in  material  which 
has  been  brought  by  sudden  distortion  to  a  cutting  edge,  it  is 
easy  to  realise  not  only  that  the  cutting  edge  becomes  thereby 
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less  effective  and  durable,  but  that  they  may,  as  they  actually  do^ 
serve  as  starting-points  for  small  hardening  cracks  which  run 
transversely  to  the  root  of  the  tooth.  It  is  customary,  however,  to 
strip  practically  all  files  that  are  to  be  single  cut,  and  smooth  double 
cut.  This  may  be  done  either  by  means  of  a  file  or  emery-wheel. 
This  process,  although  it  removes  the  grinding  scratches,  may 
replace  them  by  others  almost  as  objectionable.  These  remarks 
apply  with  even  greater  force  to  double  cut  files,  except  that  the 
serrations  are  caused  in  filing  the  overcut  as  well  as  in  the  grind- 
ing operation.     This  is  more  fully  dealt  with  under  "  Cutting." 

In  order  to  reduce  the  defects  mentioned  to  a  minimum,  if 
they  cannot  be  removed  entirely,  a  different  method  of,  and 
different  materials  for,  grinding  are  required.  Perfectly  flat  and 
smooth  blanks,  uniform  in  size,  are  required  as  a  preliminary 
condition  to  perfection  in  cutting. 

There  is  also  another  and  very  important  reason  why  a  new 
method  of  grinding  should  be  invented — ^a  human  reason.  This 
branch  of  the  trade  is  unhealthier,  dirtier,  more  laborious  and 
more  dangerous  than  any  other,  and  those  who  work  at  it  know 
they  cannot  look  forward  to  a  healthy  vigorous  old  age.^  The 
attention  of  engineers  might  be  directed  with  useful  and  profitable 
results  towards  the  invention  of  a  grinding  machine,  or  the 
adaptation  of  some  existing  grinder,  in  which  an  artificial  wheel 
with  a  good  supply  of  water  could  be  used  for  the  grinding  of 
all  files,  large  and  small.  The  genius  of  the  engineer  has  over- 
come much  more  difficult  problems,  and  there  is  good  reason  to 
hope  that  this  particular  one  will  not  long  await  solution  once  the 
requisite  attention  is  bestowed  upon  it.  Something  has  already 
been  accomplished  in  this  way  for  round  files.  The  Stead  process 
grinds  round  blanks  automatically  from  the  solid  up  to  i  inch 
diameter.  Those  j^  inch  and  above  are  first  drawn  taper  under 
the  hammer  and  then  ground.  The  machine  is  a  very  greatly 
improved  design  on  the  gramophone  needle  grinding  apparatus 
and  produces  uniform  blanks  perfectly  round.  The  process  is 
simple  and  very  expeditious  ;  of  4-inch  round  files  as  many  as 
8000  have  been  ground  in  three  hours.  The  same  arrangement 
may  be  developed  to  grind  half-round  files,  with  the  certainty 
of  producing  files  that  have  a  perfectly  rounded  back. 

^  Tho  ftTCursge  lifo  of  *  grinder  is  About  forty  yean. 
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Cutting. 

In  speaking  of  file-cutting,  Theophilus  (eleventh  century) 
informs  us  that  it  was  done  by  means  of  a  double-edged  cutting 
hammer,  or  a  notching  iron.  The  two-edged  hammer  was  used 
up  to  the  fifteenth  century,  when  it  gave  place  to  the  hammer  and 
chisel.  Early  in  the  sixteenth  century  Leonardo  da  Vinci  invented 
the  first  cutting  machine.  Following  on  this,  in  1627,  Mathurin 
Jousse  invented  another.  Many  other  inventions  followed,  but 
with  little  success.  Although  machines  had  been  used  to  some 
extent  in  Prance,  it  was  not  until  about  1875  that  they  began 
to  be  used  generally  in  Sheffield.  Since  their  introduction  hand- 
cutting  has  died  down,  and  is  at  the  present  time  a  relatively 
unimportant  industry.  It  is  confined  mostly  to  small  files  which 
might  be  distorted  on  the  machine,  and  special  shapes.  Although 
there  was  formerly  great  controversy  as  to  the  respective  merits 
of  the  hand  and  machine  cut  file,  Uttle  interest  is  now  taken  in 
the  subject. 

The  machine-cut  tooth  is  more  regularly  formed,  but  does  not 
vary  in  shape  from  the  hand-cut  tooth  to  any  great  extent. 
It  was,  and  is,  commonly  supposed  that  the  hand-cutter  worked 
with  a  sharper  chisel  than  the  machine  man,  the  former  having 
what  he  called  a  "  thin  "  and  the  latter  a  "  thick  "  chisel.  The 
"  thin  "  chisel  of  the  hand-cutter  after  being  ground  and  whetted 
"  long  and  short  " — ^that  is,  with  a  long  side  and  a  short  side — 
was  supposed  to  give  a  forward  rake  to  the  tooth  of  the  file. 
The  opinion  arose  owing  to  the  difference  in  the  shape  of  the 
tools.  In  the  important  part  of  the  tool,  the  cutting  edge  and 
angle,  there  is  little  or  no  difference.  The  hand-cutter's  chisel 
may  have  a  thin  web,  but  it  is  the  angle  of  his  whetting  that 
determines  the  rake  of  the  tooth,  and  this  angle  is  practically 
the  same  on  the  machine  chisel  as  on  the  hand-cutter's  tool  (see 
Figs.  18  and  14).  The  hand-cutter's  was  found  to»vary  along 
its  length,  so  the  angles  were  measured  at  three  points.  This 
question  of  angles  is  extremely  interesting  and  important,  be- 
cause the  rake  of  the  tooth  depends  on  the  angle  of  whetting 
of  the  chisel  in  conjunction  with  the  angle  of  inclination  of 
the  bed  on  which  the  file  rests,  or  the  machine  head  in  those 
cases  where  the  bed  is  horizontal. 
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The  machine  file-catter  grindfi  and  whets  his  chisels  for  him* 
self  just  as  does  the  hand-cutter,  and  in  just  the  same  way.  He 
endeavours  to  whet  with  equal  angles  for  the  overcut  and  with  a 
"  long  "  and  a  "  short  "  side  for  the  upcut.  He  does  not  know 
usually  what  the  angles  are  that  he  makes,  neither  does  he  know 
the  angle  of  inclination  of  the  file  bed  or  the  machine  head.    His 


Fro.  13.— M«chine-Catter*8 
ChiaeL 


Fra.  14 UdAd-Cutter*fl  Chiael.    Thisohisol 

was  found  to  be  unevenly  whetted,  ^nd  bo 
the  angles  were  measured  at  each  end  and 
in  the  centre. 


past  experience  and  the  way  he  has  been  taught  are  his  guides. 
Consequently  he  may  never  whet  the  same  angle  twice,  and  this 
accounts  to^some  extent,  particularly  if  he  is  careless  or  hurried, 
for  tho  differences  which  are  to  be  seen  in  the  rake  of  file  teeth. 
All  commercial  files,  with  the  exception  of  certain  milled 
varieties,  have  teeth  which  slope  more  or  less  backward.  Fig.  15 
may  be  taken  as  a  fair  sample  of  the  teeth  to  be  found  on  such 
files,  the  arrow  indicating  the  direction  in.  which  the  file  is  intended 
to  move.    Let  us  suppose  now  that  the  file-cutter  who  is  working 
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on  bastard  cut  files  endeavours  to  whet  his  chisel  with  equal 

angles,  and  to  include  an  angle  of  ^0°.    If  such  a  chisel  operated 

in  a  machine  whose  bed  slopes  at  an  angle  of  IS""  to  the  horizontal, 

it  is  clear  thai  the  tooth  formed  must  have  a  rake  of  minus  15°, 

60° 
because  15°  — ^  =  — 15°.  (See  Fig.  16.)   The  observed  average 

rake  of  a  large  number  of  commercial  files  of  English,  American, 
and  continental  origin  was  found  to  be  minus  8°.    This  form 


r*- 


Fio.  16.— Angle  of  Rake. 

of  cutting  edge  is-certainly  very  strong,  and  the  tendency  is  to 
Vary  its  obtuseness  according  as  the  blanks  are  more  or  less  soft. 
The  greatest  negative  rake  we  have  measured  was  24°,  and  the 
greatest  positive  rake  7°. 

When  first  the  question  of  the  rake  of  file  teeth  began  to  be 
investigated  there  were  many  protestations  that  the  rake  was 
positive  and  not  negative.  The  absurdity  of  making  files  with 
backward  sloping  cutting  edges  was  quite  fully  realised — ^never- 
theless, when  the  files  were  examined,  the  teeth  were  found  to 
have  a  negative  rake. 

A  tool  with  a  negative  rake  may  scrape,  if  it  is  sharp,  but  it 
cannot  cut.    The  finger  may  be  drawn  with  impunity  across  the 
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edge  of  a  razor  if  it  is  sloped  backwards,  but  not  if  it  is  sloped 
to  the  slightest  extent  forward.  The  teeth  of  a  file  may  be  looked 
upon  as  a  gang  of  small  cutters,  and  like  the  teeth  of  the  milling 
cutter,  they  should  be  formed  with  a  positive  rake.  The  amount 
of  rake  would  naturally  be  determined  according  to  the  kind  of 
work  a  file  is  put  to.  For  broad  surface  filing  it  would  be  best 
to  use  a  file  with  a  greater  positive  rake  than  would  be  necessary 
on  narrow  surface  work.  Fig.  17  represents  the  kind  of  filings 
removed  by  a  file  cut  with  a  negative  rake,  and  Fig.  18  those 
cut  by  a  file  having  a  positive  rake.  In  every  other  respect  the 
two  ^es  were  as  nearly  alike  as  they  could  be  made.  That  the 
former,  as  we  have  said,  scrapes  rather  than  cuts,  is  borne  out  by 
a  comparison  of  the  two  photographs. 

It  is  a  most  difficult  matter,  even  on  a  single  cut  file,  to  deter- 
mine by  the  unaided  eye  whether  the  rake  of  the  teeth  is  positive  or 
negative.  It  can,  of  course,  be  easily  calculated  when  the  angles 
of  the  chisel  and  the  machine  bed  or  head  are  known ;  when 
neither  these  data  nor  any  form  of  instrument  are  available,  a 
most  useful  indication  is  the  relative  amount  of  resistance  offered 
to  the  thumb  and  first  finger  as  they  are  drawn  on  opposite  sides 
along  the  file  from  point  to  tang.  The  value  of  this  test  is  largely 
a  matter  of  experience,  and  even  then  may  be  deceptive.  The 
most  accurate  method  of  measuring  the  rake  is  to  make  a  section 
and  take  an  enlarged  photograph,  but  this  involves  the  destruction 
of  the  file.  Fairly  satisfactory  results  can  be  obtained,  however, 
by  the  use  of  the  instrument  illustrated  in  Fig.  19,  if  the  following 
directions  are  observed :  Blacken  a  portion  of  the  file  over  a 
candle  flame.  Place  the  base  A  of  the  instrument  over  the 
blackened  portion  so  that  it  stands  at  right  angles  to  the  upcut. 
Take  the  fine  needle  E  and  make  a  bright  mark  along  the  bottom 
and  close  up  to  the  face  of  the  teeth  ;  the  use  of  the  lens  enables 
this  to  be  done  with  considerable  accuracy  and  uniformity. 
Whilst  the  mark  is  being  made  and  the  tube  B  is  tilted  forward, 
the  face  of  the  tooth  can  be  seen.  Now  rotate  the  tube  slowly 
backward  until  the  line  at  the  base  of  the  teeth  just  disappears 
from  sight.  This  happens  when  an  imaginary  line  passing 
through  the  small  eye  aperture,  C,  and  the  centre  of  the  lens,  D, 
lies  along  the  face  of  the  tooth.  A  pointer  attached  to  the  tube 
and  moving  over  the  protractor  scale  gives  the  inclination  of 
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this  imaginaiy  line  to  the  vertical,  and  indicates  to  what  extent 
the  rake  of  the  tooth  is  plus  or  minus.  The  question  of  the  rake 
has  been  dealt  with  out  of  its  rational  order,  because  it  is  the 
most  important  item  the  manufacturer  has  to  settle  in  relation 
to  the  shape  of  the  file  teeth. 

The  next  point  to  be  considered  is  the  overcut.  The  object 
of  the  overcut  is  to  provide  a  number  of  furrows  which  will  divide 
the  subsequent  upcut  into  a  convenient  number  of  separate  teeth,, 
and  we  can  imagine  that  the  shape  and  also  the  size  of  the  furrows 


Pio   19. — Instrament  for  Measuring  lUke. 

might  be  allowed  to  vary  considerably  without  impairing  the 
efficiency  of  the  teeth.  I  am  not  aware  that  this  point  has  been 
investigated  experimentally.  From  certain  experiments  I  have 
made,  although  uncompleted,  I  am  convinced  that  variation 
from  the  present  standard  will  lead  to  the  production  of  files  whose 
cutting  efficiency  is  considerably  higher  than  that  obtaining  at 
the  present  time.  The  number  of  teeth  per  inch  in  the  overcut 
as  compared  with  the  upcut  must  be  considered  very  carefully, 
as  it  certainly  has  an  important  bearing  on  the  efficiency  of  files. 
The  shape  of  file  teeth  as  viewed  from  the  face  is  determined 
by  the  overcut.    Now  it  is  customary  to  smooth  down  the  ridges 
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raised  during  the  process  of  overcutting,  either  by  filing  them 
or  by  the  use  of  an  emery-wheel.  This  is  a  process  where  the 
greatest  care  and  attention  is  needed,  because  its  influence  is 
second  in  importance  only  to  the  rake.  Unfortunately,  this  is  one 
of  the  points  most  often  overlooked,  and  very,  very  carelessly 
dealt  with.  It  is  the  source  of  almost  infinite  variation  in  the 
shape  of 'file  teeth,  and  no  attempt  has  been  made,  so  far  as  I 
know,  to  standardise  the  operation. 

If  the  ridges  are  made  too  flat  the  metal  does  not  rise  into  a 
proper  tooth  when  the  file  is  upcut,  and  when  the  teeth  of  such 
files  are  photographed  one  sees  clearly  (Pig.  20)  that  such  teeth 
may  be  strong,  but  they  are  not  sharp,  and  the  file  will  need  to 
be  pushed  by  a  strong  man  if  it  is  to  be  used  on  broad  surface 
work.  On  the  other  hand,  if  the  upcut^is  filed  insufficiently,  the 
tooth  formed  by  the  upcut  will  flow  into  a  sharp  point,  as  illus- 
trated in  Fig.  21.  This  form  of  tooth  is  much  too  delicate  for 
general  use,  and  although  it  may  cut  well  on  broad,  flat  surfaces 
like  lathe  beds,  for  example,  where  the  pressure  exerted  by  the 
man  per  tooth  is  necessarily  small,  there  is  always  a  tendency 
for  the  teeth  to  strip  or  break  off.  For  use  on  narrow  surfaces 
it  would  be  of  little  value,  because  all  the  teeth  would  break. 
This  particular  file  when  tested  with  the  Herbert  machine,  on 
the  standard  Herbert  bar,  cut  faster  than  any  file  we  have  se€)n, 
but  did  not  last  long. 

When  the  overcut  is  filed  down,  no  matter  whether  it  be 
by  means  of  a  file  or  emery-wheel,  the  ridges  should  be  left  with 
smooth  tops.  The  scoring  action  of  both  file  and  emery-wheel 
is  detrimental  to  the  finished  file,  in  so  far  as  a  tendency  is  given 
for  the  teeth  to  develop  cracks.  These  cracks  weaken  the  teeth, 
and  they  readily  break  off  in  use.  Fig.  22  shows  a  file  with 
scoring  marks  left  in  the  ridges  of  thQ  overcut,  and  Fig.  28  shows 
the  resulting  cracks  in  the  teeth.  Great  variation  exists  in  this 
respect  between  files  made  by  different  firms,  and  there  is  no 
remarkable  uniformity  in  files  made  by  the  same  firm.  I  do  not 
presume  to  state  to  what  extent  the  overcut  should  be  filed. 
That  would  depend  more  or  less  on  the  varying  degrees  of 
hardness  in  the  file  blanks  and  the  force  of  the  blow  exerted, 
and  the  overcut  would  have  to  be  filed  accordingly. 

As  already  stated,  the  upcut  serves  to  make  the  metal  flow 
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up  into  the  final  tooth  shape.  If  the  overcnt  has  been  filed 
irregularly,  there  will  be  teeth  which  vary  in  shape  and  also  in 
efl&ciency.  They  will  be  flatter  or  more  rounded,  according  to  the 
degree  of  filing  on  parts  of  the  file.  On  some  files  which  have 
had  the  overcut  flattened  by  hand  over  an  emery-wheel,  variation 
of  the  pressure  exerted  by  the  man  has  resulted  in  a  wavy  appear- 
ance similar  to  that  produced  sometimes  in  grinding.  The  re- 
sulting file  has  then  sharp  and  less  sharp  teeth,  or  if  the  filing 
has  been  excessive,  blunt  and  more  blunt  teeth,  and  the  filing 
efficiency  of  such  files  may  thereby  be  reduced  50  per  cent. 

If  a  file  has  blunt  teeth  it  is  an  extravagant  waste  of  both 
energy  and  time,  and  no  matter  how  little  has  been  paid  for  it, 
it  is  likely  to  be  a  dear  article.  The  shape  and  rake  of  file  teeth 
should,  without  doubt,  differ  according  to  the  kind  of  work  upon 
which  they  are  to  be  used,  just  as  turning  and  planing  tools  are 
made  with  differently  shaped  noses  ;  but  in  every  case  where  it 
is  intended  that  a  file  should  be  used  as  a  cutting  tool  the  teeth 
should  have  a  positive  rake.  To  do  this  the  cutting  angle  of  the 
chisel  must  be  whetted  to  such  a  degree  that,  taken  in  conjunction 
with  the  angle  of  bed  or  machine  head,  a  forward  tooth  will  result. 
By  way  of  example  we  will  suppose  that  the  machine  bed  is 
sloping  at  an  angle  of  15°  (see  Pig.  16),  and  we  desire  to  produce 
a  positive  rake  of  5°.  It  is  obvious,  therefore,  that  we  must 
whet  the  chisel  to  form  a  cutting  angle  of  10°  on  that  side  which 
raises  the  face  of  the  tooth :  15°  —  10°  =  5°.  This  is  one  of  the 
most  important  problems  in  file  manufacture,  and  no  satisfactory 
solution  can  be  obtained  until  machines  are  installed  in  factories 
for  whetting  chisels  to  any  desired  angle.  Fig.  24  shows  angles 
of  machine  chisels,  two  of  which  were  taken  at  random.  No.  1 
was  for  upcutting  second  cut  files  ;  No.  2  for  overcutting  bastard 
cuts  ;  and  No.  8  for  producing  a  positive  rake  on  bastard  cuts. 
No.  8  was  ground  and  whetted  on  a  special  machine  for  the 
purpose. 

The  force  of  the  blow  exerted  by  the  cutting  machine  should  be 
sufficient  to  strike  right  to  the  bottom  of  the  overcut.  If  this 
is  not  done  the  tooth  formed  (see  Fig.  28)  is  weaker  than  it  need 
be,  and  breaks  off  more  easily  at  the  root.  It  is  easy  with  a  good 
hand  lens  to  see  whether  this  has  been  properly  done,  and  at 
the  same  time  the  shape  given  to  the  cutting  face  of  the  tooth 
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can  be  observed.    The  lens  which  forms  part  of  the  mstrument 


Fio.  24.— Angles  of  Machine  Chiself . 

shown  in  Pig.  19  is  detachable,  and  is  especially  suitable  for  the 
above  purpose,  as  it  brings  a  large  field  evenly  into  focus. 

There  remain   now  to  be  considered   the  three  important 
questions  of  (1)  angle  of  clearance ;   (2)  inclination  of  the  angles 
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of  overcut  and  upcut  to  the  axis  of  the  file  ;  and  (3)  the  number 
of  teeth  per  inch.  With  regard  to  the  clearance  angle,  I  am  in 
complete  agreement  with  Mr.  Edward  G.  Herbert,  and  cannot  do 
better  than  quote  his  remarks  on  this  point  in  conjunction  with 
the  diagrams  in  his  paper  on  **  The  Testing  of  Files  and  Tool 
Steel."    Mr.  Herbert  says  : 

"  The  slope  of  the  back  face  of  the  tooth,  or  clearance,  is  very 
difficult  to  measure,  because  it  is  not  a  plane  surface  (see  Fig.  25). 
It  is  probably  very  important  in  relation  to  the  durability  and 
to  the  total  output  of  work*  A  file  which  has  worn  out  has  the 
ends  of  its  teeth  flattened  or  rounded.  When  the  area  of  contact 
of  the  teeth  with  the  work  attains  a  certain  value,  great  pressure 
is  required  to  cause  the  teeth  to  penetrate  the  metal.    The 


Fio.  26.— File  Teeth  with  difierent  Clearance  Angles. 

amount  of  work  that  can  be  got  from  a  file  therefore  depends 
largely  on  the  volume  of  tooth  available  for  wear  before  this 
limiting  area  is  attained.  Fig.  25  shows  two  file  teeth  with 
different  clearance  angles.  The  part  of  the  tooth  available  for 
wear  is  shaded,  and  it  is  evident  that  the  tooth  with  greater 
clearance  presents  a  much  greater  volume  of  tooth  for  wear 
before  the  limiting  or  slipping  area  is  presented  to  the  work. 
There  is  a  limit  to  the  amount  of  clearance  that  can  be  safely 
given,  because  the  tooth  must  not  be  left  so  weak  as  to  break 
under  working  conditions.  ... 

''Examination  of  the  files  shows  that  these  angles  are 
extremely  variable,  and  it  is  certain  that  uniformly  satisfactory 
results  cannot  he  obtained  unless  correct  angles  are  ascertained  and 
maintained  by  means  which  vrUl  leave  no  scope  for  variation  of 
judgment  on  the  part  of  the  workman.'' 

(The  italics  are  mine,  and  such  significance  is  contained  in 
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the  passage,  that  all  file-makers  ought  to  give  their  most  earnest 
attention  to  it.) 

The  inclination  of  the  overeat  and  upcut  to  the  axis  of  the 
file  has  considerable  influence  on  the  efficiency  of  the  tool,  and 
in  this  respect  the  variations  that  exist,  not  only  amongst  files 
of  different  makes,  but  also  amongst  files  by  the  same  maker,  are 
very  great.  The  angles  found  on  the  files  of  one  maker  were  as 
follows : 

Table  II. 


Hand 

Smooth 

12. 

Hand 

Bastaid 

12. 

Hand 

Smooth 

14. 

Hand 
Second 

Cat 

16. 

HalfRonnd 
Bastard 

14 

(Flat  Side 

only). 

Sqaaro 

Bastard 

14.- 

64* 
70* 

Cotter 

Bastard 

12. 

Overout    . 
Upout 

66« 
73" 

68« 
73* 

63" 
67* 

69» 
70« 

67* 
74« 

66*  to  axis 
76*   „    ,. 

These  files  were  taken  at  random  from  a  new  batch,  and  illustrate 
the  lack  of  uniformity  which  is  to  be  found  in  almost  any  batch 
of  commercial  files. 

It  may  be  said  that  the  inclination  of  the  overcut  fixes  the 
position  of  the  teeth  in  relation  to  each  other,  and  that  of  the 
upcut  fixes  the  angle  at  which  tl^e  face  of  the  tooth  is  presented 
to  the  work.  The  possible  variation  in  the  inclination  of  the 
overcut  and  the  upcut  to  the  axis  of  the  file  can  be  advantageously 
manipulated  to  produce  files  to  cut  particular  kinds  of  metal. 
This  is  done  in  the  case  of  files  intended  for  use  on  brass  and 
aluminium.  Some  results  of  varying  the  inclination  of  the 
upcut  of  files  are  to  be  seen  in  Figs.  17  and  18.  If  the  upcut  lies 
obliquely  across  the  file,  the  filings  will  be  similar  to  those  shown 
in  Fig.  18.  If,  however,  the  file  tooth  lies  squarely  across  the 
file,  then  the  filings  have  the  shape  of  a  volute  spring,  as  shown 
in  Fig.  2S6.  But  in  either  case,  if  the  tooth  has  a  large  negative 
rake,  the  filings  may  be  shapeless  scrapings,  like  those  in  Fig.  17. 

The  number  of  teeth  per  inch,  and  the  ratio  between  **  over- 
cut  *'  and  **  upcut,"  are  also  factors  in  the  efficiency  of  the  file. 
Variations  of  both  factors  within  fairly  large  limits  may  be  made 
without  the  efficiency  of  the  file  suffering.  With  the  upcut  nineteen 
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teeth  per  inch  on  a  14-inch  bastard  cnt  file,  variations  in  the 
overeat  from  six  to  fifteen  teeth  per  inch  may  be  made  without  loss 
of  cutting  efl&ciency.  Sufl&cient  experiments,  however,  have  not 
been  made  in  the  ratio  variations  to  enable  any  standard  to  be 
accepted  as  the  most  satisfactory.  Mr.  Herbert  is  right  when 
he  says  :  **  The  ratio  may  prove  to  be  one  of  the  most  important 
factors  in  file  efficiency." 

It  is  not  intended  to  discuss  the  question  of  file-testing,  but 
reference  m\ibt  be  made  to  a  point  which  always  crops  up  when- 
ever files  are  put  under  test ;  that  is,  the  variation  in  the  two 
sides  of  a  file.  Mr.  Herbert  says  :  ''  It  has  been  suggested  that 
the  side  first  cut  is  injured  during  the  cutting  of  the  second 
side  by  contact  with  the  block  on  which  it  rests.  File-makers 
generally  favour  the  explanation  that  the  difference  is  due  to 
a  variation  in  the  sharpness  of  the  cutting  chisel.  It  is  said 
that  a  chisel  will  only  cut  five  sides  before  it  needs  whetting. 
Perhaps  it  does  not  always  get  whetted  as  soon  as  it  needs. 
If,  therefore,  a  batch  of  files  are  all  cut  on  one  side,  then 
turned  over  and  cut  on  the  second  side,  it  must  often  happen 
that  one  side  of  a  given  file  is  cut  with  a  newly  whetted  chisel 
and  the  other  with  a  chisel  that  has  become  blunt.'' 

The  difference  in  the  efficiency  of  the  two  sides  of  a  file  may 
arise,  and  does  arise,  from  a  combination  of  causes.  These  may 
be  enumerated  as  follows  :  (1)  Unequal  blow  of  the  chisel ;  (2) 
unequal  filing  of  the  overcut ;  (3)  unequal  whetting  of  chisel ;  (4) 
working  too  long  with  chisel ;  (5)  the  effect  of  the  file  bed  ;  and 
(6)  the  variation  in  grinding ;  that  is,  the  more  or  less  complete 
removal  of  the  decarburised  envelope.  Furthermore,  the  cutting 
edges  of  a  file  may  not  always  lie  in  the  same  plane  along  the 
6  inches  of  its  length  tested.  There  is  no  need  to  labour  these 
points.  They  are  to  be  expected  more  or  less  as  greater  or  less 
care  is  exercised,  but  it  is  extremely  doubtful  that  the  two  sides 
of  a  file  chosen  at  random  ctm  be  uniform  under  the  present 
system  of  manufacture.  «» 

The  extreme  top  of  the  teeth  are  sometimes  bent  backward, 
and  very  rarely  may  be  accidentally  bent  forward  even.  All 
machine  cutting,  at  any  rate  in  this  country,  is  executed  firom 
point  to  tang.  After  cutting  a  tooth  the  chisel  is  withdrawn  from 
the  impression  made,  and  the  traverse  of  the  machine  bed  brings 
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the  blank  forward  to  receive  the  next  blow.  If  the  chisel  has 
not  quite  cleared  the  tooth  before  the  bed  moves  forward,  it 
catches  on  the  tooth  and  bends  the  extreme  tip  of  it  backwards. 
Many  of  the  newer  forms  of  file-cutting  machines  are  continuously 
fed  forward  by  a  screw  instead  o£  the  older  form  of  ratchet  motion. 
When  the  machine  bed  is  being  fed  forward  continuously,  the 
chisel  must  always  be  withdrawn  against  the  face  of  the  newly 
formed  tooth,  and  the  pressure  between  the  two  is  the  force  with 
which  the  bed  is  being  fed  forward.  On  hard  ste^s  the  tooth 
may  resist  this  pressure  without  being  bent  backwards,  but  on 
soft  steels  the  tips  of  the  teeth  would  be  very  apt  to  become  pushed 
backward  without  being  able  to  spring  again  into  normal  shape. 
An  occurrence  of  this  kind  increases  the  disadvantage  of  a  negative 
rake  which  already  exists,  and  may  make  a  tooth  hopelessly  in- 
efficient in  spite  of  the  main  face  having  a  positive  rake.  Only  a 
small  portion  of  the  tooth  of  a  file  is  worn  away  in  actual  use. 
The  rake  of  this  portion  only  determines  its  cutting  efficiency, 
and  unintentionally,  in  the  way  suggested,  this  may  be  made 
better  or  worse.  Generally  it  becomes  worse  ;  the  instances  in 
which  it  is  actually  made  better  are  very  rare  indeed,  and  amongst 
those  rare  instances  it  is  by  way  of  being  a  miracle  that  one 
should  be  chosen  haphazard  for  testing  purposes. 

The  following  particulars  refer  to  two  files  taken  from  the 
same  batch.  They  were  cut  by  the  same  man  on  the  same 
machine  with  the  same  tools,  and  both  were  intended  to  have  a 
rake  of  minus  5°.  The  efficiency  of  the  two  sides  of  the  same  file 
were  fairly  concordant,  that  is,  both  sides  of  file  A  did  badly, 
and  both  sides  of  file  B  did  well,  when  tested  on  the  Herbert 
machine  and  bar.  The  curves  produced  by  one  side  only  are 
reproduced  in  Fig.  27.  It  was  only  after  the  tested  files  had  been 
sectioned  and  photographed  that  their  curious  behaviour  was 
explained.  These  photographs  are  reproduced  in  Fig.  28  and 
speak  for  themselves.  The  cutting  edge  of  A  has  had  the  original 
negative  rake  increased,  and^that  of  B  has  been  transformed 
into  a  tool  with  a  very  efficient  positive  rake. 

The  obvious  means  of  avoiding  the  undesirable  form  of  tooth 
in  file  A  is  to  cut  the  teeth  progressively  from  tang  to  point,  on 
the  same  principle  as  adopted  in  the  earliest  of  file-cutting  machines 
by  Leonardo  da  Vinci  and  Mathurin  Jousse.      By  doing  this 
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the  chisel  will  not  pass  up  the  face  of  the  tooth  and  cause  the 
tip  to  bend  backwards.  The  best  means  of  regularly  producing 
teeth  like  those  of  file  B  remains  a  matter  for  investigation. 


Hardening. 

Many  formulsB  have  been  given  during  past  centuries  for 
preparations  to  be  used  in  the  hardening  of  files.    That  referred 
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to  under  the  heading  of  ^'  Steel "  as  being  in  use  in  the  tenth 
century  is  described  by  Theophilus  Presbyter.  It  was  in  reality 
a  sprinkling  powder  and  was  used  for  large  files.  The  powder 
was  prepared  from  ox  horn  by  charring  and  pulverising  together 
with  salt.  When  the  file  was  "  white  hot "  this  powder  was 
sprinkled  profusely  all  over  it,  and  again  heated  in  the  charcoal 
fire  blown  by  bellows.  As  soon  as  the  powder  had  accomplished 
its  work  the  file  was  quenched  uniformly  in  water  and  then  dried. 
"  In  this  way,"  says  Theophilus,  *'  you  will  harden  everything 
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made  of  steel."  In  Sheffield,  in  the  eighteenth  century,  files 
were  hardened  in  a  somewhat  similar  fashion.  The  files  were 
smeared  with  ale  gromids  and  then  covered  with  powdered  hoof 
and  sea  salt.  After  drying  they  were  heated  in  a  coke  fire  and 
then  quenched.  Ale  gromids  have  been  in  use  for  a  very  long 
time  ;  fine  sharps,  bran  and  flour,  also  have  been  used  as  covering 
to  protect  the  teeth,  especially  of  fine  cut  files,  as  they  were  pushed 
backwards  and  forwards  in  the  breeze  fires. 

In  modem  practice  there  are  two  methods  of  heating  files 
for  hardening :  one  by  means  of  breeze  fires,  which  we  may  call 
the  old  way ;  and  the  newer  way  by  means  of  the  lead  bath. 
The  lead  may  be  heated  by  cokes  or  by  gas.  When  first  lead 
began  to  be  used  there  was  great  difference  of  opinion  as  to 
the  respective  merits  of  the  two  methods.  It  was  contended  by 
those  who  used  the  hearth  that  the  use  of  lead  was  responsible 
for  a  large  proportion  of  soft  files.  This  contention  is  still  held 
to-day  by  some  people.  The  main  support  of  the  argument 
seems  to  rest  on  the  fact  that  in  some  cases  where  files  have 
been  soft  after  lead  hardening,  they  have  been  quite  hard  when 
re-hardened  from  the  hearth,  and  this  has  been  accepted  as 
conclusive  evidence  that  superiority  lay  with  the  hearth. 

It  does  not  seem  very  conclusive,  however,  when  from  repeated 
experience  we  know  that  such  files  as  have  been  soft  the  first 
time  hardening  from  lead,  have  been  quite  hard  on  a  second  and 
proper  heating  in  the  lead.  If  a  file  has  been  heated  to  the 
requisite  temperature,  and  is  not  hard  after  quenching,  the  fault 
lies,  not  with  the  hardener,  but  must  be  sought  in  other  directions, 
as  we  have  indicated  earlier.  Such  mixed  lots  of  steel  are  used 
in  the  making  of  files,  that  it  is  very  difficult  for  the  hardener  to 
work  uniformly.  Furthermore,  he  is  working  all  day  quenching 
in  water  the  temperature  of  which  is  constantly  rising.  I  have 
known  the  temperature  rise  so  much  that  it  was  quite  impossible 
to  hold  the  hand  in  it.  Again,  if  a  workman  is  careless  or  "on 
the  push  "  to  get  through  a  large  amount  of  work,  the  probability 
is  that  some  of  the  files  will  be  quenched  below  hardening  heat. 
These  conditions  may  operate  in  both  methods,  and  will  explain 
how  soft  files  may  arise  from  hardening. 

There  can  be  little  doubt  that  uniformity  of  heating  is  obtained 
more  easily  in  the  lead  bath  than  in  the  hearth.    Besides,  being 


Digitized  by 


Googk 


Plate  XVIII. 


Fig.  1. — Section  showing  carbonless  envelope. 


Fig.  10.— Section  through  hammer  mark. 


Fig.  17.  —Filings  (negative  rake). 
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Fig,  ]8.-— Filirgs  (positive  rake). 


Fig.  11.— Demarcation  of  free^cementite. 


Fig.   12.  — Showing  serrations  on  edge  of  teeth. 

iTo/ac€  page  376. 
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Plate  XIX. 


Fig.  15. — Teeth  sloping  backwards.     File  teeth  with 
negative  rake. 


Fig.  9  — Microsiructiire  of  overheated  steel. 


Fig.  20.— Teeth  on  ridges  made  too  flat.  Fig.  21.— Weak  pointed  teeth.     Overciit 

insufficiently  filed. 
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Fig.  22. — Scoring  marks  in  ridges  of  overcut. 


Fig.  26. — Volute-shaped  filings. 


Fig.  28. — Cracks  in  teeth. 


a — Increased  negative  rake. 


^—Positive  rake* 
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cleaner,  the  lead  bath  is  more  manageable.  Fig.  29  shows  the 
latest  type  of  gas-fired  lead  bath  in  section  to  illustrate  the 
internal  arrangements.  To  get  the  best  results  it  is  advisable 
to  use  pyrometers  either  of  the  "  Sentinel "  or  "  Indicator  ** 
type.  The  uniformity  of  the  temperature  of  the  bath  can  be 
maintained  very  well  by  the  use  of  sentinels  if  they  are  used  in 
the  following  manner : 

If  it  is  desired  to  work  at  a  heat  between  750°  C.  and  780°  C, 
procure  two  pieces  of  ordinary  iron  gas-piping  with  one  closed 


To  Air 
Supply. 


To  Gas 
Supply. 


Fia.  20l — ^Low  Preflsare  Gai  and  Air  Lead  Bath  Furnace.    Croaa  Section. 

end.  The  length  should  be  about  10  inches,  or  as  long  as  desired 
for  the  bath.  Stamp  on  each  tube  the  melting  point  of  the 
sentinels  to  be  used.  In  the  first  case  this  will  be  750°  C,  and 
in  the  second  780°  C.  Take  two  pieces  of  wire  longer  than  the 
tubes  and  bend  one  end  in  the  form  of  a  hook.  After  placing 
the  sentinels  in  their  respective  tubes,  raise  to  melting  point 
and  insert  the  wires.  On  cooling  the  salts  will  solidify  and 
fasten  the  wires  so  that  the  tubes  may  be  lifted  by  them.  The 
tubes  are  now  placed  in  the  lead  bath  and  the  temperature  raised 
sufficiently  to  melt  the  750°  C.  sentinels,  but  not  those  in  the 
second  tube,  whose  melting  point  is  780°  C.    This  can  be  easily 
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ascertained  by  lifting  the  mre.  In  this  way  it  is  comparatively 
easy  to  maintain  the  heat  desired,  and  to  test  the  tempera- 
ture of  the  bath  in  any  part.  A  regular  use  of  the  sentinels  or 
the  indicator  will  considerably  lessen  the  risks  of  quenching  at 
a  lower  heat  than  is  necessary  to  properly  harden  the  files. 

In  conclusion,  I  plead  for  a  definite  and  organised  system  of 
working  in  the  manufacture  of  files — a  system  which  will  ensure 
a  reliable  quality  of  steel  always  obtainable,  and  the  production 
of  blanks  of  uniform  size  and  quality. 

Scientific  investigation  throughout  the  whole  of  the  processes 
is  urgently  needed,  and  makers  ought  to  establish  research  rooms 
in  their  factories  for  that  purpose.  If  it  is  considered  undesirable 
that  this  should  be  done  in  each  factory,  then  I  would  suggest 
that  the  Manufacturers'  Association  should  agree  to  establish  a 
central  research  laboratory  well  fitted  with  every  convenience 
for  conducting  experiments;  under  the  charge  of  a  well-qualified 
manager.  The  results  obtained  would  then  be  available  for  all 
manufacturers,  and  we  could  reasonably  look  forward  to  a  great 
improvement  in  the  eflSciency  of  the  file  and  the  methods  of 
production.  This  would  mean  that  the  English  file  trade  would 
receive  a  great  stimulus — a  thing  we  desire  and  hope  to  see. 

I  am  indebted  to  Mr.  Harry  Brearley  for  the  use  of  his 
experimental  notes  on  the  subject,  and  also  for  suggestions  made 
in  revising  the  paper.  I  should  also  like  to  draw  attention  here 
to  the  valuable  and  highly  interesting  memoir  by  Mr.  Frdmont  ^ 
on  "  The  Kle,"  to  which  members  interested  in  the  subject 
would  do  well  to  refer.  My  thanks  are  also  due  to  Messrs. 
Bichmond  of  Warrington,  who  have  kindly  supplied  me  with 
drawings  of  gas-heated  furnaces. 

1  ••  ifttndea  6xperinientftlei  do  Teohnologie  Indiutrielle/'  par  Ch.  Fremont,  Numero  49, 
U  Limt,  Tmm,  1016. 
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DISCUSSION. 

Professor  H.  M.  Howe,  Honorary  Vice-President,  said  he  did 
not  think  it  was  possible  to  consider  too  strongly  the  recommendation 
of  the  author  that  the  conditions  of  making  files  should  be  studied 
systematically  by  a  competent  research  body.  That  was  in  line  with 
the  movement  of  the  times,  and  it  would  appear  to  one  who  was  very 
ignorant  of  the  subject  of  file-making  that  it  was  particularly  a  matter 
which  would  require  very  careful  and  diligent  research,  that  the  extreme 
hardness  could  be  best  obtained  without  excessive  brittleness  only 
through  very  careful  manipulation  of  the  temperature,  and  that  with  the 
very  high  carbon  steels,  which  were  so  extremely  sensitive,  to  proceed 
without  actually  measuring  the  temperature  was  hardly  consistent 
with  the  present  condition  of  steel  metallurgy  in  other  respects.  He 
hoped  that  the  author's  plea  that  a  systematic  research  might  be 
established  would  be  carried  out.  Everyone  was  very  greatly  obliged 
to  him  for  putting  before  them  so  clearly  a  matter  which  was  of  very 
considerable  scientific  interest  and  also  of  very  great  practical  interest. 
The  file  was  such  an  invaluable  instrument,  and  so  many  files  gave  out 
very  much  too  early,  that  everyone  welcomed  any  information  with . 
regard  to  making  files  more  excellent. 

Dr.  T.  Baker  (Kotherham)  said  that  at  the  time  he  received  the 
paper  he  had  the  question  of  some  defective  files  under  investigation. 
He  had  found  most  of  the  peculiarities  or  defects  mentioned  in  the 
paper  in  the  particular  samples  he  was  considering,  and  there  was  no 
doubt  at  all  that  the  files  had  been  made  from  strip  which  had  been 
rolled  at  much  too  high  a  temperature.  The  files  themselves  all  broke 
in  the  ringing  test,  with  a  very  coarse  crystalline  fracture,  which 
microscopic  examination  showed  to  have  been  caused  by  a  very  well- 
developed  cementite  network.  That  network  could  not  have  been 
produced  in  the  hardening  process,  except  under  very  abnormal 
conditions,  and  must  have  occurred  at  some  earlier  period.  He  had 
occasion  to  go  into  the  works,  and  from  what  he  could  see  there  it  wad 
quite  clear  that  there  was  room  for  considerable  improvement  in  manu- 
facture. The  paper  gave  a  considerable  amount  of  information  to 
the  file-maker,  and  had  come  at  a  very  opportune  moment  when,  as 
far  as  he  had  been  able  to  ascertain  from  the  study  of  defective  files, 
there  was  considerable  room  for  improvement  and  for  the  adoption 
of  more  scientific  methods  in  the  manufacture  of  files. 

Dr.  F.  Rogers  (Shefl&eld)  said  he  did  not  think  any  paper  could 
more  strongly  emphasise  the  importance  of  research  in  what  might 
be  called  a  very  commonplace  branch  of  industry.    No  industrial 
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opeTations  were  really  commonplace;  they  were  all  worthy  of  in- 
vestigation and  then  of  systematisation  upon  technically  the  beat 
possible  lines.  To  the  great  mass  of  the  public  a  file  was  only  a  rough 
piece  of  steel  that  made  a  nasty  noise  which  set  ladies'  teeth  ''on 
edge  "  ;  but  it  was  a  great  deal  more  than  that.  The  author  had 
submitted  nearly  every  phase  of  file-making  to  scrutiny,  both  the 
mechanical  and  metallurgical  considerations.  *  Several  of  those  aspects 
demanded  a  full  discussion,  but  he  (Dr.  Rogers)  would  confine  himself 
to  one  particular  point,  and  his  remarks  would  apply,  with  modifica- 
tions as  to  temperatures,  &c.,  to  the  discussion  of  Messrs.  Andrew  and 
Green's  paper  on  high-speed  steel.  Referring  to  a  diagram  which  was  the 
same  as  that  given  on  p.  386  of  Messrs.  Hanson  and  Hurst's  paper  on 
case-hardening,  he  said  that  file  steel  was  generally  to  the  right  of  the 
point  S,  and  it  was  important  to  remember  the  rapid  rise  of  the  line 
BE  with  increase  of  carbon.  There  were  two  main  factors  to  consider 
in  choosing  an  annealing  process  ;  one  was  the  softening  of  the  0'9  per 
cent,  carbon  steel  (that  was,  the  eutectoid  portion) ;  the  other  was  the 
possibility  of  taking  cementite  into  solution  upon  hardening.  On 
pp.  356-357  Mr.  Taylor  referred  definitely  to  the  particular  type  of 
annealing — namely,  at  a  temperature  just  over  the  critical  temperature 
(say  730''  C).  That  method  applied  excepting  when  there  was  a  coarse 
development  of  cementite.  Mr.  Taylor  very  happily  brought  out  a 
point  which  he  (Dr.  Rogers)  had  emphasised  to  a  number  of  people 
in  Sheffield  trades,  namely,  that  it  was  not  essential  to  cool  the  steel 
slowly  right  down  to  cold,  nor  anywhere  near  it.  It  was  quite  sufficient 
to  cool  down  very  substantially  below  the  690°  point.  Lack  of  appre- 
ciation of  that  point  had  caused  enormous  loss  of  possible  output  of 
furnaces.  Furnaces  generally  cooled  very  much  less  rapidly  as  the 
temperature  fell,  so  that  the  useless  period  of  slow  cooling  was  often 
twice  as  long  as  the  useful  period,  and  in  the  case  of  a  small  furnace 
that  often  might  mean  only  one  batch  per  working  day  when  three 
could  have  been  obtained,  by  throwing  the  blanks  out  or  even  merely 
opening  the  furnace,  when  the  temperature  had  fallen  to  the  point 
indicated. 

Dr.  J.  E.  Stead,  F.R.S.,  Vice-President,  said  he  noticed  a  reference 
in  the  paper  to  the  ''  Stead  process."  It  was  not  his  process,  but 
he  was  very  pleased  to  be  associated  with  a  gentleman  of  the  same 
name  who  had  made  a  speciaUty  of  the  investigation  of  files.  During 
the  time  when  the  discussion  was  very  active  witii  regard  to  martensite, 
pearlite,  troostite,  and  other  "  -ites,"  he  happened  to  grind  a  file  down 
until  all  the  teeth  were  eliminated  and  the  face  was  parallel  and  smooth. 
He  then  etched  it  in  acid.  The  roots  of  the  teeth  were  troostite  and 
between  the  roots  martensite,  a  very  remarkable  illustration  of  marten- 
site  and  troostite  side  by  side.  In  annealing  there  was  a  range  in 
which  there  was  a  most  rapid  divorce  of  the  pearlite.  On  heating 
from  a  high  temperature  and.  slowly  cooling  to  a  low,  the  softening 
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effect  mainly  occurred  in  passing  through  that  particular  range,  just 
below  the  critical  points  Arl,  2,  and  3.  Professor  Howe  had  devoted  a 
great  deal  of  attention  to  that  work.  Many  years  ago  one  Sheffield 
firm  made  a  point  of  determining  what  was  the  difference  by  annealing 
at  a  high  temperature  and  cooling  down  very  slowly,  and  simply 
heating  for  a  short  time  at  about  700°  C.  It  was  found  that  half  an 
hour's  annealing  at  just  below  the  critical  point  produced  the  same 
amount  of  softening  as  was  produced  by  the  long  heating  and  slow 
cooling  from  SOO*'  C.  There  was  one  advantage,  however,  in  heating 
above  the  critical  point,  and  that  was  that  if  there  did  happen  to  be 
a  rather  coarse  structure  in  the  steel  it  was  broken  up  and  became 
fine,  and  the  steel  was  improved.  The  Institute  was  under  a  great 
obligation  to  the  author  for  the  valuable  and  exhaustive  paper  he 
had  read. 

Mr.  6.  Taylor,  in  reply,  thanked  the  members  for  their  kind  remarks. 
So  far  as  the  ordinary  processes  of  industrial  manufacture  were  concerned, 
he  thought  the  question  of  file-making  ranked  high  amongst  those  which 
ought  to  receive  attention.  It  had  suffered  a  great  amount  of  neglect 
in  past  years,  and,  for  that  reason,  ought  to  receive  a  proportionately 
greater  amount  of  consideration  now. 

Extremely  little  had  been  written  about  files,  and  most  of  what 
had  been  written  was  by  foreigners.  It  was,  therefore,  high  time 
that  British  people  seriously  took  the  matter  in  hand,  along  with 
certain  other  manufacturers,  and  made  a  real  attempt  to  standardise 
their  productions  so  that  they  would  again  occupy  the  place  they  would 
never  have  lost  had  that  attention  been  given  which  ought  to  have 
been  given.  There  had  been  a  book  written  by  Mr.  William  Turner 
in  1862  on  the  manufacture  of  files,  but  he  had  not  been  able  to  get  a 
copy.  In  Dr.  Beck's  monumental  work,  "  Die  (Jeschichte  des  Eisens," 
there  was  a  large  amount  of  information  about  files.  He  would  com- 
mend the  remarks  of  Dr.  Eogers  to  the  notice  of  the  members.  It  was 
a  most  difficult  thing  indeed  in  Sheffield  to  convince  file  manufacturers 
on  the  point  of  leaving  the  files  in  the  annealing  furnace  until  they 
were  stone  cold.  If  the  advice  given  in  the  paper  were  followed  in 
regard  to  that  particular  point  alone,  manufacturers  would  increase 
their  output  tremendously,  and  be  better  able  to  supply  the  large 
demands  at  present  made.  He  realised  that  the  paper  was  very  limited 
in  scope.  Although  he  had  endeavoured  to  cover  a  good  deal  of 
ground,  there  was  a  large  amount  of  material  that  he  would  have  liked 
to  put  in,  but  could  not  do  so  on  account  of  considerations  of  space. 
He  hoped  in  the  future  to  be  able  to  produce  in  one  volume  all  he  could 
find  in  reference  to  file-making. 
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IMPROVEMENTS  IN  THE  CASE-HARDENING 

PROCESS. 

By  D.  HANSON,  M.So.  (National  Physical  Labobatosy,  Tbddington), 
AND  J.  E.  HURST  (AoTON). 

The  present  paper  has  been  written  as  the  result  of  an  investiga- 
tion into  the  prevention  of  flaking  and  chipping  of  the  case  in 
certain  ease-hardened  articles  during  and  after  grinding.  The 
articles  in  which  the  greatest  amount  of  trouble  was  experienced 
were  gear  wheels  of  various  kinds,  used  mainly  in  automobile  and 
aero-engines  and  made  from  a  case-hardening  nickel  steel  contain- 
ing 2  to  3  per  cent,  of  nickel,  but  these  were  by  no  means  the  only 
articles  in  which  failures  of  this  kind  were  experienced,  and  the 
same  defects  were  found  in  cam-shafts  and  other  articles  made 
from  a  straight  carbon  case-hardening  steel.  The  articles  were 
all  made,  so  far  as  the  metallurgical  treatment  is  concerned, 
according  to  what  was,  and  still  is,  widely  considered  to  be  good 
case-hardening  practice,  and  were  subject  to  pyrometric  control 
at  all  stages  during  the  carburising  and  hardening  treatments. 
The  results  obtained  were,  however,  such  as  to  make  the  authors 
realise  that  considerable  improvement  was  desirable. 

Some  of  the  causes  of  this  type  of  failure  are  well-known.  They 
include : 

(a)  Excessive  concentration  of  free  cementite  in  the  case, 
particularly  when  this  excess  is  arranged  in  the  form  of  a  coarse 
network  surrounding  areas  in  the  steel  which  existed  as  large 
austenite  grains  ai  the  end  of  the  carbonising  operation. 

(b)  An  excessive  amount  of  non-metallic  enclosure  in  the 
steel. 

(c)  **  Segregation  "  of  the  ferrite  of  the  core  on  the  one  hand, 
and  of  the  cementite  of  the  case  on  the  other,  with  the  production 
of  sharp  differences  in  composition  in  adjacent  portions  of  the  steel, 

(d)  Local  tempering  of  the  steel  during  grinding. 

Of  these  (a)  and  (c)  appeared  to  be  the  most  probable 
causes. 
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A  consideration  of  the  process  by  which  the  articles  were  made 
led  to  the  conclusion  that  the  conditions,  especially  in  the  case 
of  the  nickel  steel,  were  such  as  might  readily  lead  to  the 
formation  of  fairly  considerable  quantities  of  free  cementite,  and 
an  examination  of  some  of  the  fractured  gears  showed  that,  even 
after  the  outer  portion  (about  0*01  inch  thick)  had  been  removed, 
an  appreciable  network  of  cementite  was  left.  A  few  experi- 
ments were  sufficient  to  show  that  the  removal  of  this  network 
overcame  practically  all  the  difficulty,  and  that  other  causes 
contributed  but  little  to  the  failure.  The  methods  by  which  this 
may  be  avoided,  together  with  the  theoretical  reasons  on  which 
they  are  based,  form  the  subject  of  this  paper.  Among  other 
things,  the  authors  have  devised  certain  modifications  of  the 
case-hardening  process,  which  have  been  used  with  great  success, 
and  which  they  think  could  find  fairly  general  useful  application. 


PART  I. 

Theoretical. 

Theory  of  Case-hardening. 

The  theory  of  case-hardening  has  been  discussed  by  a  large 
number  of  workers,  both  in  the  Journal  of  the  Institute  and 
elsewhere,  but  an  account  of  some  of  the  principles  underlying 
the  process  is  necessary  in  order  that  the  reasons  for  the  modifi- 
cations in  practice  which  have  been  introduced  may  be  more 
readily  developed. 

The  object  of  case-hardening  is  to  produce  on  the  surface  of 
the  case-hardened  article  a  layer  of  steel  having  a  higher  carbon 
content  than  that  of  the  original  article,  so  that,  after  submitting 
the  article  to  a  suitable  hardening  process,  it  shall  possess  a  "  skin  " 
of  extreme  hardness,  while  the  centre  portion  remains  relatively 
soft.  The  usual  method  of  attaining  this  object  is  to  heat  the 
article  in  contact  with  a  suitable  carbonising  reagent  or  "  cement/' 
under  which  conditions  carbon  combines  with  the  iron  and 
gradually  diffuses  into  the  mass  of  the  steel. 

It  is  well  established  that  iron  in  the  a  (or  /9)  condition  has 
practically  no  solubility  for  carbide  of  iron  (PesC),  and  case-harden- 
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ing,  as  it  is  ordinarily  understood,  cannot  therefore  take  place 
at  any  temperature  at  which  the  iron  is  in  this  condition.  The 
process  only  becomes  possible  at  a  temperature  at  which  the 
transformation  to  the  r^  state  has  commenced.  Now,  in  case- 
hardening  carbon  steel,  which  is  in  general  mild  steel  containing 
about  0*1  per  cent,  of  carbon,  the  change  to  the  7  state  commences 
immediately  the  point  Acl  (about  720*  C.)  has  been  reached 
(Fig.  1),  but  at  this  temperature  only  a  small  portion  of  the  total 
iron  of  the  steel  has  become  transformed,  i.e.  that  which,  with  the 
cementite  of  the  steel,  normally  forms  the  constituent  pearlite. 
At  the  temperature  of  this  transformation  point,  however,  the 
transformed  pearlite,  now  austenite,  which,  it  must  be  remem- 
bered, forms  but  a  small  portion  of  the  steel,  is  saturated  ^  with 
carbide,  and  consequently  this  austenite  exhibits  no  tendency  to 
dissolve  more*  Not  only  is  it  saturated  with  respect  to  carbide, 
but  it  is  also  saturated  with  respect  to  ferrite,  or  a-iron,  and  at 
this  temperature  the  austenite  remains  unaltered  in  the  presence 
of  excess  of  either  ferrite  or  cementite.  In  other  words,  the 
austenite  which  exists  in  the  steel  at  this  temperature  is  of  eutec- 
toid  composition.  If,  now,  the  temperature  be  raised  above 
this  point,  the  equilibrium  conditions  become  altered,  and  the 
austenite  becomes  able  to  dissolve  a  larger  amount  of  either  ferrite 
or  cementite,  whichever  is  available.  This  is  clearly  represented 
by  the  ordinary  equilibrium  diagram  of  the  iron-carbon  alloys 
(Fig.  1).  The  composition  of  the  transformed  pearlite  at  the 
transformation  temperature  is  represented  by  the  point  S  at  the 
lowest  comer  of  the  austenite  field,  and  at  this  point  austenite 
can  have  only  one  fixed  composition.  At  higher  temperatures 
the  lines  GOS  and  SE  represent  the  solubility  of  ferrite  and 
cementite  respectively  in  austenite,  and  the  points  at  which  these 

1  The  tenn  "  satunted  '*  is  applied  here,  and  thronghont  this  paper,  to  the  oooatitaent 
<•  austenite  "  of  the  steel,  and  in  this  connection  it  has  the  meaning  which  is  usually  associated 
with  it  in  physico-chemical  literature.  It  refers  to  a  solution,  sohd  or  liquid,  in  constitutional 
equilibrium,  in  which  the  solvent  contains  in  solution  the  maximum  amount  of  solute  which 
it  will  hold ;  this  maximum  concentration  is  a  function  of  temperature,  and  the  term 
"  saturated  "  should  therefore  always  be  referred  not  only  to  the  solvent  and  s<dute,  but  also 
to  a  particular  temperature.  This  is  the  true  scientific  meaning  of  the  term  '*  saturated,*' 
and  it  is  used  only  m  this  sense  in  this  paper.  The  expression  **  saturated  steel  *'  has  been 
applied  by  some  metallurgists  to  a  steel  of  eutectoid  oompooition.  In  the  authors*  opinion 
this  use  of  the  term  is  quite  unscientific  A  steel  of  this  composition  can  only  be  called 
*<  saturated  **  when  it  consists  of  austenite  at  the  euteetoid  temperature.  At  high  tempera- 
tures austenite  will  dissdye  additional  amounts  of  either  ferrite  or  cementite,  so  Uiat  at  tem- 
peratures above  the  transformation  point  austenite  of  eutectoid  composition  is  unsaturated. 
Such  a  steel  would  be  better  desoiu>ed  is  •'  a  steel  of  eutectoid  composition,**  or  perhaps 
#  eutectoid  steel.** 

1919— i.  2  0 
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lines  are  cut  by  any  particular  abscissa  indicate  the  limits  of 
composition  of  the  austenite  which  can  exist  at  that  temperature. 
If  austenite  be  heated  slowly  above  720°  C.  in  contact  with  excess 
of  ferrite,  its  composition  at  any  temperature  is  indicated  by 
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the  point  at  which  the  temperature  abscissa  cuts  the  line  60S, 
while,  if  excess  of  comentite  be  supplied,  similar  changes  of 
composition  with  temperature  are  indicated  by  the  line  8E. 

If  a  mild  steel  be  heated  to  a  temperature  slightly  in  excess 
of  the  eutectoid  temperature,  the  transformed  eutectoid  dissolves 
some  of  the  ferrite  in  the  steel,  which  simultaneously  becomes 
transformed  into  7-iron.    The  austenite  areas  therefore  become 
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Blightly  increased  in  size,  and  their  carbon  content  becomes 
slightly  decreased,  but  at  the  same  time  they  become  misaturated 
at  that  temperature  with  respect  to  carbide.  If,  now,  this 
heating  be  carried  out  in  a  carburising  mixture,  those  portions 
of  austenite  which  are  on  the  surface  of  the  steel  are  also  able 
to  dissolve  carbon  from  this  mixture,  and  therefore  become  un- 
saturated with  respect  to  ferrite,  a  deficiency  which  is  supplied 
by  the  untransformed  ferrite  in  the  steel.  Carburisation  can 
therefore  proceed  by  the  simultaneous  absorption  of  carbon  on  the 
one  hand,  from  the  carburising  mixture,  and  of  iron  from  untrans- 
formed ferrite  on  the  other.  This  process  is  obviously  very  slow, 
for  it  can  only  take  place  through  areas  which  form  but  a  small 
proportion  of  the  total  mass  of  the  steel.  As,  however,  the 
temperature  increases,  the  quantity  of  austenite  increases,  with 
a  corresponding  increase  in  the  velocity  of  carburisation  until 
a  point  is  reached — depending  on  the  carbon  content  of  the  steel, 
and  generally  about  900°  C.  for  most  case-hardening  carbon  steels 
— ^when  the  whole  mass  consists  of  austenite.  Commercial  case- 
hardening,  in  which  the  time  factor  is  important,  is  practically 
always  carried  out  above  the  critical  point,  A8,  of  the  steel. 

SoliibUity  of  Carbide  in  the  Case. 

It  has  been  pointed  out  that  the  solubility  of  carbide  in 
austenite  is  represented  by  the  line  SE.  At  the  point  S  the 
maximum  concentration  of  carbon  which  the  steel  will  hold  in  solid 
solution  is  that  of  the  eutectoid,  but  as  the  temperature  increases 
so  does  the  maximum  carbon  concentration  increase.  From  the 
diagram  in  Fig.  1  we  see  that,  in  simple  iron-carbon  alloys,  at  the 
eutectoid  temperature  0*9  per  cent,  of  carbon  can  be  held  in 
solution ;  at  800°  C.  1  per  cent,  can  dissolve ;  at  900®  C.  1*2  per 
cent,  can  dissolve,  while  at  1000*^  C.  1*5  per  cent,  represents  the 
limit  of  solubility.  Thus  it  is  evident  that,  not  only  does  the 
velocity  of  carburisation  increase  with  rise  in  temperature, 
but  so  also  does  the  maximum  carbon  content  which  it  is  possible 
to  obtain  in  the  austenite  of  the  case.^    At  the  usual  commercial 

1  The  authors  also  ^wish  to  state  most  emphatically  that  they  do  not  deny  the  theoretical 
fKMsibiUty  of  prodaoing  free  oementite  by  carbnrismg  under  favourable  experimental  oondi- 
tions  at  any  temperature  at  which  FcaC  is  a  stable  ^lase,  either  above  or  below  the  critical 
range.  It  is  known  that  iron  can  be  converted  entirely  into  FeaC  by  suitable  carburising 
ab<^  or  below  the  critioal  range,  but  the  conditions  under  which  this  is  possible  are  not  those 
which  are  met  with  in  ordinazy  case-hardening  practice. 
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case-hardening  temperature,  900^  C,  the  normal  carbon  content 
of  aostenite  in  contact  with  excess  cementite  is  1*2  per  cent. 

The  actual  carbon  content  of  the  austenite  at  any  point  in  the 
carburised  case  depends  on  : 

(a)  The  maximum  carbon  concentration  which  can  be  held 
in  solution  at  the  carburising  temperature. 

(b)  The  rate  at  which  the  carbon  is  absorbed  at  the  surface. 

(c)  The  rate  at  which  it  di£fuses  into  the  non-carburised  core. 

(d)  The  time  during  which  the  operation  is  continued. 

For  any  particular  steel  (a)  and  (c)  are  both  functions  of  the 
temperature,  while  (b)  is  dependent  both  on  the  temperature 
and  the  cement,  i.e.  on  the  nature  and  velocity  of  the  reaction  as 
a  result  of  which  the  carbon  enters  the  steel.  The  process  of 
solid  diffusion  is  slow,  and  most  of  the  commercial  cements  are 
vigorous  in  their  action,  so  that  at  the  usual  case-hardening 
temperatures  carbon  tends  to  pass  into  the  steel  at  a  greater  rate 
than  it  can  be  removed  by  diffusion  into  the  interior,  with  the 
result  that  the  austenite  of  the  outer  layers  of  the  steel  soon 
becomes  saturated  with  carbide,  after  which  the  rate  of  absorp- 
tion at  the  surface  is  largely  governed  by  the  rate  at  which 
diffusion  can  take  place  into  the  interior  of  the  steel.  Other 
cements,  however,  such  as  some  of  the  gaseous  mixtures  recom- 
mended by  Giolitti,  are  less  rapid  in  their  action,  and  by  their 
means  cases  of  very  considerable  thickness  can  be  produced  in 
which  saturation  of  the  austenitic  outer  layers  of  the  steel  with 
carbide  at  the  case-hardening  temperature  is  never  reached.  The 
explanation  is,  in  all  probabiUty,  that  the  rate  at  which  the  carbon 
passes  into  the  steel  by  diffusion  is  suf&cient  to  bring  about  the 
removal  of  the  carbon  from  the  outer  layers  before  they  become 
saturated  with  carbide. 

It  is  evident,  therefore,  that  if  the  cement  be  of  such  a  nature 
that  it  tends  to  impart  carbon  to  the  steel  at  the  case-hardening 
temperature  at  a  rapid  rate  compared  with  that  at  which  the 
carbon  tends  to  be  removed  by  diffusion,  then  the  outer  austenitic 
layers  must  become  saturated  at  that  temperature  with  respect 
to  carbon.  Many  of  the  commercial  cements  are  of  this  type, 
and  it  is  therefore  clear  that,  under  normal  working,  using  one 
of  the  common  cements,  the  concentration  of  carbon  in  the  outer 
layers  may  approach  very  closely  the  saturation  point  of  the 
austenite  of  the  steel  at  the  case-hardening  temperature. 
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Formation  of  Cementite  Network. 

The  formation  of  a  network  of  cementite,  of  the  kind  indicated 
in  the  early  part  of  this  paper,  requires  that  certain  conditions 
be  fulfilled.  The  cementite  which  forms  this  network  is  that 
which  normally  separates  above  the  eutectoid  point,  and  the 
network  can  only  be  formed  in  hyper-eutectoid  steels.  Further, 
the  condition  in  which  the  cementite  exists  depends  on  the  rate 
at  which  the  steel  cools  over  the  range  Ar8-Arl.  If  the  steel 
be  cooled  rapidly,  as  by  quenching,  and  in  some  cases  by  air  cooling, 
separation  cannot  take  place,  and  the  whole  mass  remains  in  a 
martensitic  condition.  If  the  rate  of  cooling  be  somewhat  less 
rapid,  partial  separation  of  the  cementite  may  occur,  and  it  comes 
out  in  interlacing  needles  which,  though  undesirable,  are  less 
harmful  than  a  continuous  network.  If  the  rate  be  extremely 
slow  as,  for  example,  if  the  steel  be  allowed  to  cool  down  normally 
with  a  very  large  furnace,  the  cementite  is  deposited  slowly  from 
solution  in  the  form  of  large  isolated  crystals  and  exists  as  such 
in  the  cool  product.  There  is,  however,  a  wide  range  between 
these  limits,  in  which  the  cementite  separates  in  the  characteristic 
form  of  a  continuous  network,  and  the  usual  practice  of  with- 
drawing the  boxes  from  the  furnace  and  allowing  them  to  cool 
in  air  ia  quite  favourable  to  the  production  of  such  a  network. 

It  is  seen,  then,  that  the  practice  which  is  commonly  adopted 
of  carburising  with  a  fairly  vigorous  cement,  at  a  temperature 
considerably  in  excess  of  the  eutectoid  temperature  followed  by 
cooling  an  the  box,  is  that  which  favours  the  production  of  a 
network  of  cementite  in  the  outer  portion  of  the  case. 

Hardening  of  the  Carburised  Product. 

The  prolonged  heating  in  the  carburising  box,  to  which  the 
case-hardened  articles  are  subjected,  has  a  harmful  effect  on  both 
core  and  case  which,  for  the  highest  grade  of  work,  necessitates 
a  subsequent  careful  heat  treatment  in  order  that  this  effect  may 
be  removed  and  the  article  brought  into  its  best  possible  con- 
dition. For  this  purpose  a  double  quenching  is  adopted.  The 
artides  are  first  heated  to  a  temperature  slightly  in  excess  of  the 
upper  critical  point,  Ac8,  of  the  steel,  followed  by  quenching 
in  a  suitable  medium,  whereby  the  core  is  refined,  and  this  tern- 
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peratore  is  followed  by  a  final  rehardening  from  a  temperature 
slightly  above  the  Acl  critical  point,  with  the  object  of  refining 
the  case  and  bringing  it  into  its  best  possible  hardened  condition. 
The  reasons  for  this  treatment  are  well  miderstood,  and  are 
described  in  most  text-books.  The  effect  of  such  treatment  on 
any  cementite  network  which  may  exist  in  the  case  may  now  be 
considered.  If  the  amomit  of  excess  cementite  over  the  eutectoid 
composition  is  less  than  is  required  to  saturate  the  austenite  of 
the  steel  at  the  temperature  of  the  upper  critical  point  of  the  core, 
then  it  is  clear  that  on  heating  to  that  temperature  for  a  reason- 
able time  this  cementite  will  dissolve  and  will  not  be  redeposited 
on  quenching.  If,  however,  the  cementite  is  more  than  is  required 
for  saturation  of  the  austenite  case,  then  reheating  to  this  tem- 
perature will  not  result  in  its  complete  solution,  and  free  cementite 
will  remain  in  the  quenched  article.  In  any  article  in  which  the 
austenite  of  the  case  has  become  saturated  with  carbide  during 
the  carburising  operation,  and  in  which  the  network  has  been 
allowed  to  form,  the  complete  removal  of  this  network  can  only 
be  attained  if  the  article  be  quenched  from  a  temperature  at  least 
as  high  as  that  at  which  carburisation  took  place.  The  subse- 
quent heating  to  the  lower  temperature  for  hardening  will  have 
no  effect  on  the  network,  for  the  temperature  is  not  high  enough 
to  cause  any  appreciable  solution  of  the  excess  carbide.  This 
treatment  will,  in  fact,  lead  to  the  precipitation  of  any  dissolved 
excess,  but  this  excess  is  deposited  in  the  form  of  rounded  particles, 
which  are  practically  without  effect  on  the  mechanical  properties 
of  the  case  and  have  little  or  no  embrittling  action,  y^e  the 
effect  on  the  wearing  properties  is  likely  to  be  beneficial  rather 
than  otherwise. 


Consideration  of  Reactions  in  Relation  to  Carbon 
and  Nickel  Steels. 

The  above  considerations  may  now  be  discussed  in  relation 
to  the  usual  practice  in  case-hardening  (a)  carbon  steels,  and 
{h)  nickel  steels : 

(a)  Carbon  Steels. — The  usual  practice  in  case-hardening  carbon 
steels  is  to  heat  the  articles  in  contact  with  a  cement  for  a  suffi- 
ciently long  period  to  obtain  the  necessary  depth  of  case,  at  a 
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temperature  which  is  seldom  less  than  900°  C,  and  is  sometimes 
in  excess  of  this.  The  articles  are  generally  allowed  to  cool  in 
the  box,  and  the  subsequent  refining  and  hai:dening  operations 
are  carried  out  at  about  900°  C.  and  760°  C.  respectively.  Under 
these  conditions  the  formation  of  an  appreciable  network  should 
only  occur  in  the  finished  product  if  the  temperature  of  carburising 
is  much  in  excess  of  900°  C,  and  in  modem  works,  in  which  pyro- 
metric  control  is  established,  this  temperature  is  not  often  exceeded 
by  an  appreciable  amount.  The  refining  treatment  which  is 
applied  to  the  core  is  here  suitable  for  refining  the  coarse  network 
of  cementite  in  the  case,  and  trouble  should  only  be  experienced 
where  the  carburising  temperature  is  much  in  excess  of  that 
indicated,  or  where  the  refining  treatment  is  not  correctly  carried 
out. 

(h)  Nickel  Steels. — The  nickel  steels  call  for  rather  more 
detailed  consideration.  In  the  first  place,  their  critical  points  are 
lowered  by  the  presence  of  nickel,  the  effect  on  A3  being  greater, 
in  general,  than  on  Al.  In  a  8  per  cent,  nickel  steel  containing 
0*1  per  cent,  carbon,  for  example,  the  Ac3  point  is  at  about 
800°  0. — ^about  100°  C.  lower  than  in  the  corresponding  carbon 
steel — so  that  nickel  steels  may  be  carburised  at  temperatures 
considerably  lower  than  carbon  steels.  The  addition  of  nickel 
not  only  lowers  the  critical  points,  but  it  also  lowers  the  velocity 
of  penetration,  so  that,  in  order  to  get  the  same  depth  of  case 
in  the  same  time,  a  higher  temperature  is  required.  Practical 
considerations  of  this  kind  have  led  to  a  fairly  wide  adoption  of 
a  temperature  of  about  900^  C.  for  case-hardening  nickel  steels 
— ^a  decision  which  has,  in  many  cases,  probably  been  influenced 
by  the  fact  that  carbon  steels  give  satisfactory  results  when  the 
same  temperature  is  used.  The  result  of  using  a  carburising 
temperature  greatly  in  excess. of  the  eutectoid  temperature  is 
to  favour  the  production  of  a  carbon  concentration  in  the  outer 
parts  of  the  case  greatly  in  excess  of  the  eutectoid  concentration, 
with  the  consequent  production  of  a  pronounced  network  of 
free  cementite  on  subsequent  slow  cooling. 

The  refiining  treatment  which  is  given  to  nickel  steels  differs 
in  some  respects  from  that  given  to  carbon  steels.  The  refining 
temperature  of  the  core,  which  is  about  800°  C,  is  lower  than 
that  for  carbon  steels,  and,  what  is  more  important,  much  lower 
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than  the  usnal  carbxirising  temperature.  Furthermore,  in  the 
case  of  these  steels,  in  which  the  critical  range  is  short,  and  in 
which  a  slight  overheating  of  the  case  above  the  Acl  point  is 
not  harmful,  a  single  treatment  at  a  temperature  of  about  800°  G. 
is  generally  considered  suf&cient  to  refine  both  case  and  core 
and,  after  quenching,  to  give  a  material  of  satisfactory  properties 
throughout. 

It  will  be  seen,  therefore,  that  in  this  process,  in  which  a  high 
carburising  temperature  is  very  liable  to  produce  a  high  carbide 
concentration  which  is  not  refined  by  the  subsequent  heat  treat- 
ment, a  cementite  network,  with  its  accompanying  defects,  may 
be  readily  produced. 


Methods  by  which  the  Cementite  Network  may  be  avoided. 

Methods  which  suggest  themselves  for  preventing  the  forma- 
tion of  an  excess  of  cementite  in  the  harmful  form  of  a  network 
may  be  (a)  methods  by  which  the  excess  cementite,  once  it  is 
formed,  is  distributed  by  suitable  treatment  in  a  less  harmful 
manner,  and  (b)  methods  of  case-hardening  in  which  the  process  is 
so  arranged  that  a  serious  excess  of  free  cementite  is  never  formed. 

The  methods  which  come  under  classification  (a)  may 
consist  of : 

1.  The  prevention  of  the  separation  of  the  cementite  as  a 
network  in  the  steel  at  any  time  by  quenching  the  articles  direct 
from  the  carburising  box.  Slow  cooUng  over  the  critical  range 
is  essential  to  the  formation  of  a  network,  and  if  the  material  be 
quenched  in  the  first  place  from  the  case-hardening  temperature 
this  separation  can  never  occur,  while  the  subsequent  treatments 
to  which  the  articles  are  submitted  are  such  that  the  method  of 
distribution  of  the  carbide  does  hot  become  harmful.  In  many 
cases  this  method  is  difficult  to  apply  in  practice,  especially 
where  a  number  of  intricate  parts  must  be  treated  in  the  same 
box.  The  method  of  tipping  the  whole  contents  of  the  box  into 
water  is  hardly  practicable  where  freedom  from  distortion  is 
necessary,  while  in  the  case  of  nickel  steels,  which  should  be 
quenched  in  oil,  the  difficulties  are  still  further  increased.  The 
method  of  quenching  from  the  boxes  is  practicable  and  useful 
in  a  number  of  cases,  but  it  must  be  remembered  that  it  can  in 
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no  way  replace  the  refining  treatments,  and  most  be  considered 
as  a  preparatory  operation  only. 

2.  Beheating  the  article,  after  cooling,  to  such  a  temperatiire» 
probably  the  carburising  temperature,  that  all  the  cementite 
becomes  redissolved,  followed  by  quenching.  This  process  is 
in  some  ways  better  than  the  previoi^s  method,  in  that  it  is 
under  better  control,  but  it  involves  an  ^additional  treatment  in 
a  process  which  is  already  lengthy,  and  is  likely  to  find  little 
favour  on  that  account.  It  also  o£fers  undesirable  opportunity 
for  surface  oxidation  of  the  case  and  increases  the  amount  of 
distortion. 

These  methods  are  identical  in  principle.  They  ensure  the 
retention  of  the  excess  carbide  in  solution  in  the  austenite,  from 
which  it  is  only  precipitated  during  subsequent  operations  in 
a  harmless  "  globular  "  form. 

Methods  which  come  under  the  heading  (b),  and  which  may 
be  described  as  preventive  measures,  include : 

1.  The  Use  of  a  Less  Vigorous  Cement — If  the  reaction  between 
cement  and  steel  be  slow,  then  the  normal  rate  of  diffusion  may 
remove  the  carbide  into  the  steel  at  a  sufficiently  rapid  rate  to 
prevent  the  eutectoid  composition  being  reached  on  the  surface 
before  the  required  thickness  of  case  is  obtained.  The  use  of 
a  gaseous  cement,  or  the  method  of  "  isolating  "  the  cement  from 
the  articles  to  be  carburisod,  as  suggested  by  GioUtti,  would 
appear  to  be  apphcable,  and  the  authors  beUeve  that  these 
methods  have  been  used  with  success. 

2.  By  the  Begulation  of  the  Temperature  during  Carburisation 
in  su^h  a  Manner  tJiat  Excessive  Carbide  Corwentraiion  is  not 
obtained. — This  method  seemed  to  the  authors  to  offer  many  advan- 
tages, if  only  it  were  possible  to  apply  it  without  increasing  the 
practical  difficulties  or  unduly  prolonging  the  operation.  In 
this  effort  they  have,  they  think,  been  entirely  successful,  and 
an  account  of  the  experimental  and  practical  results  which  they 
have  obtained  is  given  in  Part  II.  of  this  paper. 

It  is  evident  that  a  case  of  approximately  eutectoid  composition 
may  be  obtained  by  carburising  with  a  fairly  vigorous  cement  at 
a  temperature  only  slightly  in  excess  of  the  eutectoid  point,  but 
it  is  equally  evident  that  such  a  method  is  far  too  slow  to  be 
practicable  on  a  large  scale.    The  method  which  has  been  adopted 
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doeSy  however,  possess  practically  all  the  advantages  of  the  slow 
method  indicated  above,  without  being  markedly  slower  than 
the  methods  ordinarily  in  use.  It  consists  in  but  a  slight  modifi- 
cation of  existing  methods.  The  box  containing  the  articles  is 
placed  in  the  furnace,  and  the  carburising  operation  is  carried 
out,  as  in  existing  practice,  for  a  period  sufficiently  long  to  obtain 
a  depth  of  case  some^at  less  than  is  desired  in  the  finished 
article,  and  the  authors  have  found  that  one-half  to  two-thirds 
of  the  final  depth  is  in  most  cases  satisfactory.  The  temperature 
of  this  operation  is  usually  about  900^  C,  and  while  it  is  in  progress 
an  appreciable  excess  of  carbide  over  the  eutectoid  composition 
is  absorbed  in  the  outer  portions  of  the  case.  The  temperature 
of  the  furnace  is  now  slowly  reduced — over  a  period  of  several 
hours — to  a  temperature  which  is  not  greater  than  the  refining 
temperature  to  which  the  articles  will  subsequently  be  submitted, 
and  is  not  lower  than  the  eutectoid  temperature  of  the  steel.  The 
box  is  maintained  at  this  temperature  for  some  time,  and  is 
then  removed  from  the  furnace  and  allowed  to  cool  in  air. 

The  effect  of  the  period  of  slow  cooling  on  the  distribution 
of  carbide  in  the  case  can  readily  be  seen.  As  the  temperature 
faUs  the  solubility  of  the  cementite  in  the  austenite  of  the  steel 
becomes  progressively  lowered  ;  those  portions  which  were  satu- 
rated, or  nearly  saturated,  with  carbide  at  the  case-hardening 
temperature,  tend  to  throw  out  their  excess  of  cementite,  and 
those  containing  less  carbide  tend  to  approach  more  nearly  their 
saturation  point.  Consequently,  as  cooling  continues,  carbide 
must  be  removed  from  solution  in  the  outer  portions,  either  by 
deposition  of  cementite,  or  by  some  other  means.  Now  it  ia 
clear  that,  during  this  period,  diffusion  of  carbide  towards  the 
centre  of  the  mass  is  able  to  continue,  and  the  only  condition 
that  must  be  fulfilled  in  this  operation  is  that  the  rate  of  cooling 
be  sufficiently  slow  for  the  removal  of  the  carbide  by  diffusion 
towards  the  centre  to  be  sufficient  to  prevent  supersaturation 
of  the  case,  at  any  moment,  with  the  precipitation  of  free 
cementite — a  matter  which  is  very  easily  determined  by  one  or 
two  trials.  It  is  equally  clear  that  during  this  period  little  or  no 
additional  carbide  will  dissolve  in  the  austenite  of  the  steel,  for 
such  absorption  can  only  take  place  as  and  when  the  austenite  be- 
comes unsaturated  with  respect  to  cementite,  that  is,  as  the  cemen- 
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tite  diffuses  into  the  m&iss.  The  internal  equilibria  in  the  steel 
are  such  that  they  tend  to  adjust  themselves  without  any  con- 
siderable influx  of  additipnal  carbide.  The  continual  tendency 
for  the  case  to  become  supersaturated  as  the  temperature  falls 
renders  it  less  able  to  absorb  more  carbon,  "while  the  counter- 
acting tendency  of  diffusion  into  the  core,  which  determines  to 
some  extent  the  rate  at  which  carbide  is  absorbed,  is  partially 
satisfied  by  the  reduction  of  the  concentration  in  the  case  itself. 
The  period  of  falling  temperature,  therefore,  is  one  in  which  the 
main  reaction  is  the  more  uniform  distribution  of  the  carbide 
which  has  already  been  dissolved  in  the  case  during  the  preliminary 
heating  at  the  higher  temperature. 

The  final  temperature  in  this  treatment  is  of  importance, 
since  it  largely  determines  the  maximum  concentration  of  carbide 
which  can  exist  in  the  case  at  the  end  of  the  operation,  and  where 
the  concentration  in  the  finished  case  is  required  to  be  approxi- 
mately that  of  the  eutectoid,  the  final  temperature  should  approach 
fairly  closely  that  of  the  eutectoid  transformation.  If,  however, 
the  final  temperature  be  lower  than  that  at  which  the  refining 
'  treatment  is  to  be  carried  out,  and  the  cooling  to  that  temperature 
be  sufficiently  slow,  there  should  not  be  left  in  the  case  an  amount 
of  cementite  which  will  not  be  wholly  dissolved  during  this,  re- 
fining treatment,  and  the  presence  of  a  network  in  the  finished 
product  is  impossible. 

It  is  evident  that  the  exact  times  and  temperatures  can  best 
De  determined  for  each  class  of  articles  by  trial,  but  this  is  short 
and  simple,  and  need  give  no  trouble.  Some  data  collected  by 
the  authors  on  this  point  will  be  given. 

The  authors  have  not  taken  into  account  the  production  of 
excessive  cementite  concentration  through  oscillations  in  the 
case-hardening  temperature,  because  they  have  wished  to  show 
that  this  excess  may  be  produced,  especially  in  nickel  steels, 
when  accidental  variations  of  this  kind  are  not  present.  In  any 
case,  the  method  of  using  a  falling  temperature  for  the  final  stages 
of  the  carburisation  is  probably  the  best  which  could  be  adopted 
for  removing  excess  produced  in  this  manner. 
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PART  n. 

EXPEBIMENTAL   AND   PbAOTIOAL. 

Among  the  articles  in  which  cracks  had  developed  during 
grinding  "were  a  variety  of  fonns  of  gear  wheel,  made  from  a 
nickel  steel  of  approximately  the  following  composition : 

Per  Cent. 

Carbon 0-12 

Silicon 0-17 

Sulphur 0-026 

Phoephonu 0-006 

Manganeee 0*59 

Nickel 2-30 

Chromium 0-11 

These  gears  had  been  carburised  in  a  mixture  of  charred 
leather  with  10  per  cent,  of  barium  carbonate  for  a  period  of  ten 
hours  at  a  temperature  of  900°  C,  after  which  the  box  was  with- 
drawn and  cooled  in  air.  For  refining  and  rehardening  a  sub- 
sequent reheating  to  800°  C,  followed  by  oil  quenching,  was 
adopted,  and  after  this  treatment  the  mechanical  properties  of 
the  core  and  the  hardness  of  the  case  were  perfectly  satisfactory. 
The  gears  were  sent  to  another  firm  for  grinding,  and  many  of 
them  failed  during  this  operation,  through  the  formation  of  fine 
cracks  running  from  the  surface  into  the  metal.  On  cutting 
sections  through  the  teeth  of  a  number  of  wheels,  and  examining 
them  carefully  under  the  microscope,  in  almost  all  cases  a  certain 
amount  of  free  cementite,  arranged  in  cellular  form,  was  detected 
at  the  edges  of  the  teeth.  It  was  not  invariably  found,  and  in 
some  cases  might  have  been  removed  during  the  grinding  process, 
but  it  could  nearly  always  be  observed.  Pig.  2  shows  an  etched 
cross-section  of  a  hardened  tooth  which  had  failed,  in  which 
the  presence  of  excessive  cementite  is  immistakable. 

In  view  of  the  fact  that  free  cementite  could  be  found  in 
nearly  all  the  wheels,  and  that  it  appeared  probable  that  the 
method  of  carburising  used  would  always  give  a  hyper-eutectoid 
case,  the  authors  conducted  some  experiments  with  the  object 
of  determining  approximately  the  amount  of  excess  carbide  over 
the  eutectoid  composition  which  was  formed.  In  these  experi- 
ments they  have  used  only  the  method  of  microscopic  examination. 
They  would  have  preferred  to  add  to  this  actual  chemical  analysis 
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of  the  case,  but  in  view  of  the  fact  that  most  of  the  articles  con* 
cemed  were  made  of  alloy  steels,  in  which  the  actual  composition 
of  the  eutectoid  is  not  known,  they  came  to  the  conclusion  that 
the  microscopic  method,  though  it  is  not  strictly  quantitative, 
was  to  be  preferred. 

In  the  first  place,  they  took  three  bars  6  inches  long  by  f  inch 
diameter,  of  a  2^  per  cent,  nickel  steel,  which  were  passed  through 
holes  in  the  side  of  a  carburising  box,  and  heated  in  contact  with 
the  mixture  for  6^  hours  at  900""  G.  The  box  was  then  withdrawn, 
one  bar  being  quenched  in  oil,  another  cooled  in  air,  and  the 
third  allowed  to  cool  in  the  box.  The  structure  of  the  oil-quenched 
bar,  illustrated -in  Fig.  8,  shows  a  complete  absence  of  free  cemen- 
tite.  The  bar,  which  was  cooled  in  air,  was  martensitic  in  the  case, 
but  a  certain  amount  of  carbide  had  separated,  not  in  network 
form,  but  as  a  series  of  long  thin  needles.  Air  cooling,  even  on 
a  small  bar  of  this  size,  is  not  sufficiently  rapid  to  keep  the 
cementite  dissolved.  The  slowly  cooled  bar,  illustrated  in  Fig.  4, 
contained  a  coarse  thick  network  of  free  cementite,  and  the 
steel  of  the  outer  parts  of  the  case  was  undoubtedly  hyper- 
eutectoid.  It  seems  fairly  certain,  then,  that  the  conditions 
under  which  carburisation  had  been  carried  out  were  such  as  to 
favour  the  presence  of  a  coarse  network  of  free  cementite. ' 

Some  experiments  were  imdertaken  to  ascertain  with  what 
rapidity  a  carbide  concentration  greater  than  that  of  the  eutectoid 
was  attained  in  the  case  under  the  normal  working  conditions. 
Four  small  boxes,  each  containing  one  bar,  1^  inch  diameter, 
of  3  per  cent,  nickel  steel,  were  inserted  in  a  furnace  at  900^  G. ; 
these  were  removed  at  intervals  of  one,  two,  three,  and  four  hours 
respectively,  after  the  furnace  temperature  had  been  attained, 
and  allowed  to  cool  in  air.  Sections  were  carefully  cut  and 
examined.  In  the  bar  which  had  been  treated  for  one  hour  no 
excess  of  carbide  was  found.  In  the  bar  which  had  been  at 
900°  C.  for  two  hours  a  carbide  network  was  present  in  appreciable 
quantity,  and  this  quantity  increased  progressively  as  the  length 
of  carburising  became  increased.  It  is  evident,  then,  that  a  high 
concentration  of  carbide  in  the  peripheral  layers  is  reached 
relatively  rapidly — in  a  time,  in  fact,  which  is  less  than  any 
normal  commercial  carburising  operation,  and  while  the  actual 
depth  of  the  case  is  quite  small. 
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Experiments  were  then  undertaken  on  this  steel,  to  determine 
whether  the  treatment  outlined  in  the  earUer  part  of  this  paper, 
of  submitting  the  steel  to  a  slowly  falling  temperature  during 
the  later  stages  of  the  carburisation,  would  give  a  case  in  which 
the  harmful  cementite  network  was  not  found. 

Pieces  of  the  2^  per  cent,  nickel  steel  were  heated  in  contact 
with  the  carburising  material  for  6^  hours  at  a  temperature  of 
900°  C,  at  the  end  of  which  time,  as  has  been  shown,  there  is  a 
high  concentration  of  carbide  in  the  outer  portions  of  the  case. 
The  temperature  was  then  gradually  reduced  to  800°  C,  the 
refining  temperature  of  the  core,  which  temperature  was  reached 
in  4^  hours,  and  was  maintained  for  a  further  four  hours,  the 
total  length  of  the  whole  operation  being  fifteen  hours.  It  was 
found  that  by  this  treatment  a  depth  of  case  was  obtained  equal 
to  that  formerly  obtained  by  ten  hours'  heating  at  900°  C. 
These  times  were  arrived  at  after  a  few  preliminary  experiments; 
The  specimen  was  then  cooled  in  the  box,  which  was  removed 
from  the  furnace. 

Microscopic  examination  showed  that  this  treatment  had 
been  very  successful.  The  outer  portions  of  the  case  contained 
in  no  part  more  than  a  slight  cementite  network,  as  illustrated 
in  Fig.  5.  The  superiority  of  this  structure  is  apparent,  and  on 
quenching  the  steel  from  800°  C.  it  was  found  that  no  cementite 
was  left  undissolved,  and  the  structure  consisted  of  a  uniformly 
fine  martensite.    Fig.  6  illustrates  this  structure. 

In  other  cases  the  lowering  of  the  temperature  from  900°  C. 
was  slower  ;  in  many  operations  on  a  works  scale  the  whole 
period  of  8^  hours  was  taken  for  this  lowering,  when  the  box 
was  withdrawn  without  further  treatment,  with  results  which 
were  quite  satisfactory.  Annealing  for  one  or  two  hours  at  the 
lower  temperature,  however,  appears  to  give  a  case  slightly  lower 
in  carbon  than  a  treatment  in  which  the  box  is  removed  imme- 
diately 800°  C.  is  reached,  but  in  all  the  cases  examined  no  free 
cementite  was  found  after  the  articles  had  been  hardened. 

More  recently  the  authors  have  carried  the  reduction  of 
temperature  somewhat  further.  In  the  above  cases  the  final 
temperature  has  been  that  of  the  refining  operation.  In  their 
later  experiments,  and  in  routine  operations  on  a  large  scale,  this 
final  temperature  has  been  reduced  to  a  point  between  the  refining 
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temperature  of  the  core  and  the  hardening  temperature  of  the  case. 
In  articles  made  from  a  8^  per  cent,  nickel  steel,  the  falling  tempera- 
ture treatment  has  been  carried  out  from  900°  C.  to  740°  C.  in  the 
same  time  of  8|  hours,  and  the  results  have  been  entirely  satisfac- 
tory. A  case  in  8|  per  cent,  nickel  steel  obtained  by  carburising  at 
900°  C.  for  6  J  hours  and  from  900°  C.  to  740°  C.  in  8 J  hours,  followed 
by  cooling  in  the  box,  contained  in  the  outer  layers  mere  traces  of 
a  cementite  network,  and  a  layer  of  steel  of  practically  eutectoid 
composition  extended  from  the  surface  for  a  distance  of  0*05  inch 
into  the  steel.  Further,  the  transition  from  case  to  core  was  very 
gradual,  and  took  place  over  a  distance  of  0*03  inch.  There 
was  no  sign  of ''  Uquation  "  at  any  point,  and  indeed  the  authors 
have  failed  to  detect  any  signs  of  this  phenomenon  in  any  of 
the  steels  which  they  have  examined  after  submitting  them  to 
this  treatment. 

This  modification  of  the  case-hardening  process  has  been 
adopted  for  some  months  past  in  the  works  of  D.  Napier  &  Sons, 
Limited,  in  all  operations  on  straight  carbon  and  nickel  steel 
parts  (except  5  per  cent,  nickel  steel),  and  has  given  highly  suc- 
cessful results.  Many  thousands  of  articles  have  been  treated,  and 
the  amount  of  scrap  material  has  been  reduced  from  at  least  25 
per  cent,  to  practically  nothing.  For  example,  by  the  old  methods 
of  carburising,  the  scrap  in  the  manufacture  of  air  screw  shaft 
gears  from  a  2^  per  cent,  nickel  steel  amounted  to  25  per  cent. 
On  adopting  the  900°  C.-800°  C.  falling  temperature  treatmenti 
this  was  reduced  to  2J  per  cent.  On  changing  to  the  900°  C- 
740°  G.  treatment  (the  steel  at  the  same  time  being  altered  to 
8 J  per  cent,  nickel),  up  to  the  time  of  writing,  out  of  seventy-five 
completed  gears,  none  has  been  found  defective.  Experience 
with  other  forms  of  gears  has  been^equally  satisfactory. 

In  the  manufacture  of  valve  end-pieces  from  H  per  cent, 
nickel  steel,  out  of  the  first  500  manufactured  (by  the  old  method 
of  carburising  at  900°  C.)  at  least  25  per  cent,  were  defective.  By 
adopting  the  900°  0.-740°  C.  falling  temperature  treatment,  the 
trouble  has  disappeared. 

With  straight  carbon  steels  equally  satisfactory  results  have 
been  obtained.  In  the  manufacture  of  cam-shafts,  for  example, 
the  only  failures  which  have  been  experienced  since  the  modifi- 
cations were  introduced  are  very  small  in  number,  and  can,  in 
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each  case^  be  traced  to  excessive  non-metallic  enclosure  in  the 
steel.  In  every  case  in  which  grinding  cracks  have  developed, 
a  sulphur  content  of  over  0*1  per  cent,  has  been  found,  and 
microscopic  examination  has  revealed  large  quantities  of  sulphide. 
It  may  safely  be  said  that  since  the  introduction  of  the 
modifications  of  the  case-hardening  process  which  have  been 
described,  troubles  from  flaking  and  cracking  during  and  after 
grinding  have  become  practically  unknown,  and  the  very  few 
cases  which  have  occurred  can  all  be  connected  with  material 
which  is  otherwise  defective. 

Note  on  Uie  Carburising  of  5  per  Cent.  Nickel  Steel. 

In  the  case  of  articles  made  from  5  per  cent,  nickel  steel, 
trouble  from  flaking  has  never  been  experienced,  in  spite  of  the 
fact  that  the  usual  practice  has  been  to  carburise  at  a  temperature 
of  960^  C,  a  temperature  considerably  higher  than  that  used 
for  any  of  the  other  steels  mentioned  in  this  paper,  and  at  least 
150^  G.  above  its  upper  critical  point.  The  authors  suggest  that 
the  explanation  is  probably  to  be  found  in  the  fact  that  this  steel, 
when  carburised,  is  air-hardening,  and  normal  slow  cooling  in  the 
box  is  sufficient  to  suppress  the  carbide  separation,  or  at  any  rate 
to  prevent  its  separation  in  a  harmful  form.  They  have  not, 
however,  investigated  this  steel. 

Summary. 

1.  Ordinary  methods  of  case-hardening  at  or  above  900^  C. 
tend  to  lead  to  the  formation  of  a  hyper-eutectoid  layer  in  the 
case,  which  is  a  frequent  source  of  flaking  and  grinding  cracks. 

2.  In  nickel  case-hardening  steel  containing  up  to  8|  per  cent, 
of  nickel,  the  practice  of  refining  at  a  temperature  lower  than  the 
carburising  temperature  tends  to  aggravate  this  trouble. 

8.  Trouble  from  this  cause  may  be  avoided  by : 

(a)  Quenching  the  steel  from  a  temperature  at  which 

the  excess  of  carbide  is  dissolved.  I   ' 

(b)  Modifying  the  treatment  during  carburising  in  such 

a  manner  that  a  case  of  practically  eutectoid  compo- 
sition is  obtained. 
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Kig.  6. — Case  in  2^  %  nickel  steel.  Same  specimen  as  Fig.  5  after 
hardening  at  800*^0,  Showing  absence  of  cementiie  network. 
Etched  in  1  %  nitric  acid  in  alcohol,      x  150  diam. 
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4.  Of  these  methods  {h)  is  to  be  preferred. 

5.  A  simple  modification  of  existing  practice  has  been  suggested 
by  means  of  which  this  can  be  effected. 

6.  Expeiimental  evidence  and  an  account  of  the  successful 
working  of  the  process  on  a  works  scale  have  been  given. 

7.  For  6  per  cent,  nickel  steels  a  high  carburising  tempera- 
ture appears  to  be  satisfactory. 


1919-1.  2i> 
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DISCUSSION. 

Dr.  W.  BoSENHAm,  F.B.S.  (National  Physical  Laboratory),  said  the 
method  of  avoiding  the  presence  of  a  cementite  network  in  the  finished 
case-hardened  product  which  the  authors  advocated  was  an  excellent 
one,  provided  it  was  carried  out  in  as  careful  and  scientific  a  manner « 
as  was  requisite,  because  the  process  of  slow  cooling  from  the  casing 
temperature  round  about  900°  C.  brought  with  it  very  obvious  dis- 
advantages. It  was  well  known  that  slowly  cooling  steel  through  that 
range  was  not  at  all  a  desirable  proceeding  unless  that  steel  was  going 
to  be  thoroughly  refined  afterwards,  but  provided  that  was  done, 
as  the  authors  of  course  naturally  would  do,  the  method  was  a  very 
excellent  one.  The  only  criticism  that  might  be  offered  with  regard 
to  it  was  that  it  made  the  very  careful  carrying  out  of  the  method 
more  important  than  ever.  Perhaps  that  was  an  advantage,  because 
if  it  were  done  badly  there  was  such  a  bad  result  that  one  would  not 
attempt  to  use  it,  or  the  attempt  would  not  last  very  long.  Case- 
hardening  had  been  a  difficulty,  not  to  say  a  sore  subject,  during  the 
last  four  or  five  years.  There  had  been  a  very  large  amount  of  failure 
on  the  part  of  a  number  of  firms  and  individuals  working  at  it.  The 
results  described  in  the  paper  were  obtained  in  an  effort  to  help  not 
only  the  particular  individuals  who  were  concerned,  but  the  whole 
of  the  case-hardening  industry,  over  what  was  a  very  appreciable 
difficulty,  and  he  had  reason  to  know  that  that  help  had  been  satis- 
factory in  its  results  over  quite  a  considerable  area.  The  whole  theory 
of  the  subject  was  perhaps  a  little  complicated,  but  the  presentation 
of  it  given  in  the  paper,  provided  it  was  read  very  carefully,  was, 
he  believed,  perfectly  sound.  When  such  terms  as  ''  saturation  tem- 
perature "  were  used  it  was  necessary  to  read  very  carefully  indeed, 
otherwise  one  was  apt  to  be  misled. 

The  alternative  method  of  dealing  with  case-hardened  articles 
was  of  course,  as  Mr.  Hanson  said,  to  quench  them  from  the  casing 
temperature,  and  he  thought  there  were  reasons  in  favour  of  doing 
that  when  the  objects  were  sufficiently  small  to  be  emptied  out  of 
the  casing-boxes  into  water.  In  the  case-hardening  of  such  things 
as  chain  rollers,  that  was  the  usual  practice  and  led  to  very  satisfactory 
results,  because  by  rapid  cooling  horn  the  temperature  at  which  the 
carbide  had  been  formed  its  separation  in  passing  through  the  critical 
range  was  prevented  and  thus  the  desired  object  attained.  It  was 
then  necessary  to  reheat  to  just  above  the  lower  critical  point  and 
quench  again  in  order  to  get  satisfactory  hardening.  Of  course  when 
it  came  to  a  motor  lorry  gear  and  larger  parts  of  that  kind,  quenching 
straight  from  the  case-hardening  box  was  practically  out  of  the  question, 
because  those  parts  were  usually  quenched  in  oil,  and  it  would  hardly 
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do  to  empty  the  case-hardening  material  into  the  oil  together  with  the 
goods.  The  oil  would  very  rapidly  deteriorate  under  that  kind  of 
treatment  and  the  method  was  not  really  practicable.  It  was  in  handling 
the  heavier  articles  particularly  that  the  methods  described  by  the 
authors  would  prove,  and  had  proved,  very  successful. 

Dr.  F.  Rogers  (Sheffield)  said  there  were  two  distinct  schools  of 
opinion  as  to  whether  the  carbon  in  a  case  should  exceed  the  eutectoid 
composition  or  not.  In  his  experience  good  cases  were  found  amongst 
both  those  which  were  eutectoid  and  those  which  were  hyper-eutectoid  ; 
but  many  of  the  troubles  which  he  had  encountered  in  investigations 
were  due  to  the  fact  that  hyper-eutectoid  cases  had  not  been  apprecia- 
tively heat  treated.  It  was  possible  to  get  all  or  most  of  the  carbide 
in  the  case  into  solution  in  a  hyper-eutectoid  carbon  steel,  by  quenching 
from  about  the  SE  line,  and  it  was  most  commonly  claimed  that  this 
cave  the  hardest  case.  The  authors  proposed  to  diffuse  the  carbon 
m  excess  of  eutectoid  composition  inwards,  and  produce  a  eutectoid 
case.  They  proposed  to  do  this  by  cooling  slowly  from  SE  to  PS. 
He  suggested  that  it  would  save  time  to  hold  the  temperature  at  the 
carburising  temperature,  and  did  not  see  that  anything  was  to  be  lost 
in  consequence.  The  piece  could  then  be  quenched  or  cooled  off  in 
whatever  way  was  specially  suitable,  but  as  rapidly  as  possible  for 
all  steels  which  were  not  air-hardening.  The  subsequent  refining 
and  hardening  operations  were  the  same  in  any  event.  In  practice 
there  would  be  a  saving  of  time  amounting  to  probably  two-thirds  of 
the  time  occupied  by  the  authors'  method  of  slow  fall  of  temperature. 
The  tendency  to  cracking  in  such  quenching  could  be  provided  against 
in  several  ways,  which  were  possibly  sufficiently  well  imderstood  not 
to  require  detailed  reference  on  that  occasion.  His  (Dr.  Rogers') 
suggestion  provided  for  cases  in  which  the  diffusion  of  carbon  down  to 
eutectoid  composition  might  not  occur  completely  ;  he  would  at  least 
have  the  carbide  all  in  solution. 

Mr.  C.  H.  Smith  (Chelmsford)  wished  to  join  issue  with  the  authors 
over  their  statement  that  free  cementite  was  the  principal  cause  of 
cracking  in  the  grinding.  He  had  seen  carburised  parts  with  very 
great  excess  of  free  cementite  extending  deeply  into  the  case  which 
did  not  crack  on  grinding,  and  he  would  suggest  that  that  cracking 
was  chiefly  a  mechanical  trouble  and  could  bd  overcome  by  suitable 
grinding.  The  chief  objection  that  he  had  to  the  process  described 
was  the  increased  length  of  time  necessary.  He  thought  that  if  the 
cementite  were  once  formed  in  the  skin  and  the  temperature  then 
dropped  to  the  refining  temperature — as  it  might  be  called — a  great 
deal  of  time  could  be  saved,  as  the  rate  of  diffusion  of  carbon  towards 
the  core  would  then  be  accelerated.  He  had,  in  fact,  done  work  in 
that  direction  in  which  he  had  obtained  the  same  results,  as  regards 
depth,  in  an  equal  time  as  with  the  ordinary  method  of  carbuiisatioh, 
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and  a  clean  case,  showing  no  cementite  network.  On  p.  400  the  authors 
said  that  in  every  case  in  which  grinding  cracks  had  developed  a  sulphur 
content  of  over  O'l  had  been  found.  He  thought  it  would  be  incorrect 
to  assume  that  the  high  sulphur  content  was  always  present  or  was 
the  cause  of  the  cracking.  The  grinding  cracks  were  purely  mechanical, 
and  the  free  cementite  had  really  very  little  relation  to  them  if  the 
heat  treatment  subsequent  to  carburising  was  satisfactory,  although 
it  assisted  the  development  of  the  crack  once  it  was  started.  If  there 
were  no  crack  in  the  heat  treatment  and  the  grinding  were  correctly 
done,  there  should  be  no  cracking. 

Insufficient  emphasis  and  attention  was  generally  given  to  keeping 
the  carburising  temperature  absolutely  steady,  as  fluctuations  were 
largely  responsible  for  the  ''  freckle  "  which  the  case-hardener  sought 
to  avoid.  For  that  reason  the  use  of  ordinary  coal-fired  furnaces 
was  to  be  deprecated  as  a  zigzag  galvanometer  curve  corresponding 
to  the  stoking  was  inevitable.  It  would  be  extremely  difficult,  if  not 
commercially  impossible,  to  maintain  the  requisite  steadiness  of  tem- 
perature of  the  work  itself  (not  the  thermocouple)  in  all  parts  of  the 
furnace  throughout  the  gradual  cooling  described  by  the  authors. 

Messrs.  Hanson  and  Hurst,  replying  to  the  discussion,  wrote  that 
they  fully  appreciated  the  necessity  for  carrying  out  case-hardening 
operations  in  a  careful  and  scientL&c  manner.  The  slow  cooling  of 
case-hardened  articles  through  the  critical  range  was  dangerous  because 
it  gave  opportunity  for  the  separation  of  the  ferrite  of  the  core,  at  the 
inner  boundary  with  the  case,  in  massive  form.  They  thought,  however, 
that  if  their  method  were  carried  out  as  indicated  in  the  paper,  the 
danger  of  that  free  ferrite  persisting  in  the  finished  article  was  small, 
since  their  rate  of  cooling  was  sufficiently  slow  to  enable  difiusion  of  the 
carbide  to  take  place  into  the  first  separated  ferrite.  With  regard  to 
the  use  of  the  word ''  saturated,"  that  had  a  definite  meaning  in  scientific 
literature,  and  it  was  in  that  sense  that  it  had  been  used  in  the  paper. 
The  fact  that  it  was  frequently  used  by  some  workers  in  a  wrong 
sense  appeared  to  be  an  insufficient  reason  for  refraining  from  using 
it.  The  authors  thought  that  if  Dr.  Rosenhain  .would  read  the  paper 
carefully  he  would  find  that  the  phrase  ''  saturation  temperature  " 
was  not  used.  They  agreed  with  Dr.  Bosenhain  that  the  method  of 
quenching  direct  from  the  boxes,  when  applicable,  was  to  be  preferred 
for  preventing  the  formation  of  a  network  of  cementite  in  the  case. 
The  method  described  was  adopted  to  meet  cases  in  which  that 
quenching  could  not  be  applied. 

With  reference  to  Dr.  Rogers'  communication,  they  thought  that 
sometimes  a  case  of  hyper-eutectoid  composition  might  be  preferred 
to  one  of  lower  carbon  content.  The  danger  with  such  cases  lay,  not 
in  the  presence  of  free  carbide  in  the  finished  product,  but  in  the  manner 
of  its  arrangement.  That  cotdd  be  controlled  by  heat-treatment. 
The  treatment  outlined  by  Dr.  Rogers  was,  they  thought,  safe  only  if 
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the  carbiirising  temperature  did  not  exceed  the  refining  temperature  of 
the  core. 

Mr.  Smith  appeared  to  think  that  the  authors  considered  that  all 
cases  which  contained  free  cementite  would  crack  on  grinding.  For- 
tunately for  the  makers  of  case  hardened  parts  that  was  not  so,  but 
there  was  no  doubt  that  steel  which  contained  a  network  of  free 
cementite  was  much  more  liable  to  that  form  of  failure  than  steel 
in  which  it  was  not  present.  No  doubt,  some  improvement  could  be 
effected  by  increased  care  in  grinding,  but  that  did  not  appear  to  them 
to  be  the  best  method  of  overcoming  the  difficulty.  With  reference 
to  the  slight  modification  of  their  process  which  Mr.  Smith  had 
mentioned,  they  were  pleased  to  note  that  he  had  obtained  satisfactory 
results  by  a  prolonged  annealing  at  the  refining  temperature.  Was 
that  not  an  admission  that  excessive  free  cementite  might  after  all  be 
undesirable  ?  Mr.  Smith  doubted  the  authors'  statement  that  certain 
cases  of  cracking  were  associated  with  high  sulphur  content  in  the  steel. 
That  was  a  question  of  fact  on  which  Mr.  Smith  was  hardly  in  a  position 
to  express  an  opinion.  With  regard  to  the  possibility  of  working 
the  process  on  a  practical  scale,  they  could  do  no  more  than  ask  Mr. 
Smith  to  read  their  paper  again,  when  he  would  find  that  it  had  been 
in  operation  for  some  colisiderable  time,  and  had  given  excellent  results. 
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THE  MOLECULAR  CONSTITUTIONS  OF  HIGH- 
SPEED TOOL  STEELS  AND  THEIR  CORRE- 
LATIONS  WITH  LATHE  EFFICIENCIES. 

By  JOHN  OLIVER  ARNOLD,  D.Mbt.,  F.R.S.,  Dban  and  Pbofbssob  or 
Mbtallubgy,  and  FRED  IBBOTSON,  B.So.,  F.I.C.,  Senior  Lbotuebe  in 
Mbtallubgioal  Ghbmistby  of  thb  Univbbsity  of  Sheffield. 

With  a  Note  by  F.  C.  Thompson,  D.Met.,  B.Sc, 
Assistant  Lecturer  in  Metallurgy. 

Introduction. 

The  exact  determiiiation  of  the  complex  chemical  constitutions 
of  high-speed  steels  seemed  ten  years  ago  to  be  shut  up  in  a 
scientific  citadel  which  might  well  defy  all  attacks  made  upon 
it  by  the  metallurgical  chemist.  It  was,  however,  certain  that 
any  such  assault  must  be  preceded  by  a  series  of  patient  sapping 
operations  carried  out  to  ascertain  the  forms  of  existence  of 
the  elements  of  high-speed  steel  when  present  singly [^in  quantities 
ranging  say  from  about  2-6  to  25  per  cent,  in  iron  containing  say 
0*7  per  cent,  of  carbon.  Consequently  about  1909  one  of  the 
authors  and  Professor  A.  A.  Bead,  D.Met.,  P.I.C.,  of  the  University 
of  Wales,  commenced  a  series  of  experiments  to  ascertain  the 
compositions  of  the  carbides  of  chromium,  vanadium,  tungsten, 
and  molybdenum,  existing  in  plain  carbon  steel  containing  in 
addition  only  a  single  alloying  element.^ 

Condensed  Besults  and  Bibliography  of  Preliminary 
Besearohbs  by  Arnold  and  Bead. 

Chromium. — In  a  series  of  seven  roUed  and  annealed  crucible 
steel  bars,  varying  in.  carbon  from  0*64  to  0*88  per  cent.,  and  in 
chromium  from  0*65  to  28*7  per  cent.,  it  was  found  that,  in  addition 
to  carbide  of  iron  (FejC)  always  present,  there  also  existed  two 
distinct  carbides  of  chromium  corresponding  to  the  formula 
Ctfii  and  Cr^C,   identical  with  those  discovered  by  Moissan  in 

^  The  aathon  greatly  regret  that  urgent  militaxy  duties  should  have  oompelled  Major 
Read,  RJk.,  to  retire  from  the  research  just  before  the  culminatiDg  ezperimentB  embodied  in 
tfte  preient  memoir  were  commenced. 
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pure  crystals  in  the  electric  furnace.  In  the  two  lowest  chromium 
steels  the  topaz-hard  carbide  Grfi^  was  isolated,  whilst  in  the 
two  medium  chromium  steels  a  mixture  of  GrjCs  and  the  quartz- 
hard  carbide  Gr4G  was  discovared,  but  in  the  highest  chromium 
alloys  only  Fe^G  and  the  latter  carbide  was  found.  In  the  four 
lower  chromium  alloys  no  evidence  of  the  existence  of  a  true 
double  carbide  of  iron  and  chromium  was  observed,  but  in  the 
three  highest  alloys,  ranging  from  15  to  24  per  cent,  chromium, 
a  true  double  carbide,  correspondiog  to  the  formula  (2Fe3C, 
SCr^G)  was  obtained.^ 

Vanadium. — In  a  set  of  five  rolled  and  annealed  bars*  con- 
taining from  0*6  to  1-1  per  cent,  carbon,  and  from  0-71  to  18*45 
per  cent,  vanadium,  a  mechanical  mixture  of  Fe^G  and  the 
vanadium  carbide  V4GJ  was  isolated.  With  about  4-8  per  cent, 
vanadium  present  only  Y^p^  was  found,  the  carbide  of  iron  having 
been  completely  displaced.  It  was  also  found  that  the  trans- 
formation of  vanadium  pearUte  (72Fe+  V4G3)  to  vanadium 
hardenite  (72Fe,  V4G8)  took  place  somewhat  abruptly  at  about 
1400''  G.,  hence  true  vanadium  steel  containing  say  about  1  per 
cent,  carbon,  even  when  suddenly  quenched  from  1800®  G.,  is 
quite  soft  to  the  file.  When  quenched  from  1400®  G.  the  hardenite 
produced  is  nearly  as  hard  as  corundum.* 

Tungsten. — ^In  a  series  of  six  rolled  and  annealed  crucible  steel 
bars  containing  from  0-67  to  0-78  per  cent,  carbonand  2-86  to  26-29 
per  cent,  tungsten,  there  was  isolated  from  the  lower  tungsten 
steels  a  mixture  of  Fefi  and  WG,  but  when  about  11-5  per  cent, 
tungsten  was  present  the  Fe^G  was  completely  displaced  and  car- 
bide of  tungsten,  WG,  was  alone  obtained.  Above  12  per  cent, 
tungsten  there  was  found  a  mixture  of  WG  and  tungstide  of 
iron,  FbjW.  The  transformation  of  tungsten  pearUte  (26Fe  + 
WG)  to  tungsten  hardenite  (Fejg,  WG)  takes  place  progressively 
over  a  range  of  about  250®  G.,  namely,  say,  from  850®  to  1100®  G.» 

Molybdenum. — A  series  of  five  rolled  and  annealed  bars 
containing  0-71  to  0-82  per  cent,  carbon,  and  from  2-48  to  20-7 
per  cent,  molybdenum,  yielded  on  electrolysis  a  mixture  of 
FcjG  with  a  most  remarkable  non-magnetic  carbide  of  iron  and 
molybdenum,  but  when  between  18  and  19  per  cent,  of  molyb* 

1  Jimmai  of  At  Iron  and  SUd  IntHtnU,  1911,  No.  L  p.  249  e/  M7. 

>  Ihid,,  1912,  Na  I.  p.  215  tt  $eq. 

•  Proeudingt  of  ih€  JnsHhUion  of  Meokanicttl  EnginurM,  1914.  Maioh  20,  p.  228  <l  m;. 
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denum  was  present  the  Fe^O  was  entirely  displaced  and  the  stable 
true  double  carbide  FegMojC  only  was  obtained.  The  pearlite 
of  true  ferro-molybdenum  steel  (24Fe  +  FejMogC)  transforms  to 
its  hardenite  (Fe24,  FegMosC)  in  a  manner  similar  to  the  trans- 
formation of  true  tungsten  steel.^ 

PART  I. 
The  Chemical  Constitutions  of  Hioh-spbbd  Steels, 

For  the  present  research  a  set  of  86  lbs. ingots,  representative 
of  six  types  of  high-speed  steel,  were  melted  in  white  crucibles 
with  coke  fuel.  The  alloys  were  cast  into  2-inch  square  ingots, 
which  were  hammered  down  into  bars  1^  inch  by  f  inch,  and 
"  file  "  annealed  by  heating  the  bars  during  a  period  of  about 
eight  hours  till  a  temperature  of  nearly  800''  C.  was  attained. 
They  were  kept  at  this  temperature  for  about  an  hour,  and 
cooled  down  during  a  further  period  of  about  twenty-four  hours. 
The  annealed  bars  were  subsequently  forged  into  turning  tools 
and  machined  into  standard  carbide  test-bars. 

The  analyses  of  the  drillings,  taken  with  the  usual  precautions 
from  the  six  annealed  bars,  are  embodied  in  Table  I. 

Table  I. — Mean  Analyses  per  Cent,  of  closely-agreeing  DwpUoale 
Determinations, 


Craoible 

Out 

a 

a. 

w. 

Mo. 

V. 

Si. 

S. 

P. 

Mp. 

steel  No. 

1574 

0-76 

2-79 

absent 

5-79 

1-29 

0-47 

0-061 

0-016 

0-18 

1675 

0-72 

2-79 

6-72 

absent 

0-41 

0-061 

0-016 

0-18 

1576 

0-76 

2-82 

12-i2 

2-06 

1-28 

0-60 

0-069 

0-016 

0-19 

1677 

0-62 

2-79 

12-00 

206 

absent 

0-43 

0O60 

0K)16 

0-20 

1578 

0-55 

2*62 

15-93 

absent 

M6 

0-34 

0-058 

0K)17 

0-20 

1679 

0*60 

2-78 

15-54 

»» 

absent 

044 

0*068 

0016 

0-21 

Outline  of  Eeseaboh  Sohemb. 

An  inspection  of  Table  I.  will  show  that  throughout  silicon 
contents  of  0*4  per  cent,  were  aimed  at,  the  manganese  was  calcu- 
lated for  0*2  per  cent.,  the  phosphorus  for  0*015  per  cent.,  and  the 
sulphur  at  the  lowest  possible  contents  of  0*06  per  cent*    (The 

1  Proceedings  of  the  Inetitution  of  Mechanical  Engineers,  1916,  November,  p.  629. 


Digitized  by 


Googk 


410         ARNOLD  AND  IBBOTSON  :    MOLBOULAB  OONSTITUTIONS  OF 

Bpeoifioation  makers  have  demanded  sulphur  of  0*02  per  cent.,  indi- 
oating  that  makers  of  steel  speoifioations  are  not  necessarily  steel 
metallurgists.)  With  reference  to  carbon,  0*66  per  cent,  was  aimed 
at  with  an  unavoidable  plus  or  minus  difference  of  0-1  per  cent. 
With  reference  to  the  real  alloying  elements  of  high-speed  steely 
it  was  aimed  to  keep  the  chromium  constant  throughout  the 
series  between  2*7  and  8  per  cent.  Two  tungsten  contents  were 
aimed  at,  namely,  a  low  limit  of  12  per  cent,  and  a  medium  limit 
of  16  per- cent.  To  one  medium  tungsten  steel  no  vanadium 
was  added ;  in  the  other,  and  indeed  in  all  the  steels  in  which 
vanadium  was  present,  the  mixes  were  calculated  to  melt  out 
with  1*25  per  cent,  vanadium.  To  one  of  the  12  per  cent,  tungsten 
steels  no  vanadium  and  2  per  cent,  molybdenum  was  added. 
In  the  second  12  per  cent,  tungsten  steel  the  aim  was  to  introduce 
2  per  cent,  molybdenum  and  1-26  per  cent,  vanadium.  In  one 
steel  tungsten  and  vanadium  were  designed  to  be  absent,  being 
replaced  by  6  per  cent,  of  molybdenum.  In  the  final  ingot  the 
6  per  cent,  molybdenum  was  supplemented  by  the  designed 
addition  of  1*25  per  cent,  vanadium.  Thus,  even  with  only 
six  types  of  high-speed  steel,  the  authors  had  assigned  to  them- 
selves probably  the  most  complex  problem  in  the  metallurgical 
chemistry  of  steel  ever  attempted,  and,  to  be  quite  candid,  it  must 
be  confessed  that  at  the  outset  no  one  was  more  dubious  than 
they  as  to  the  probabiUty  of  success. 

Electbolytio  Differential  Analyses  of  the 
Cabbideb  and  Tungstide. 

The  method  used  and  the  apparatus  employed  for  the  electro- 
lytic separation  of  the  carbides  were  substantially  those  which 
^ve  been  described  for  tungsten  carbide,^  using  a  hydrochloric 
fLcid  electrolyte  of  specific  gravity  1-02  with  a  current  density 
bt  0-18  ampere  per  square  inch  of  anode  throughout.  The  time 
of  immersion  in  the  electrolyte  (for  each  bar)  was,  however,  15 
instead  of  about  1|  hours.    The  results  are  set  forth  in  Table  II. 

The  approximate  percentages  of  the  totals  of  the  vital  elements 
present  and  found  in  the  carbide  and  tungstide  residues  are 
embodied  in  Table  III.,  being,  of  course,  calculated  from  Tables 
I.  and  n. 

1  ProetMUngM  oftiU  IntUMUm  of  Mtekanieai  Enffintert,  19U,  M«roh  80,  p.  233  <l  mj. 
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Table  III. — Approximate  Percentages  of  the  Total  Elements  present 
in  the  Six  Steds  in  the  ElectrolyticaUy  isolated  Carbides  and  Tung- 
slide  Residues. 


steel  No. 

a 

Cr. 

W. 

Mo. 

V. 

1674 

93-69 

63-60 

abwnt 

86-29 

76-86 

94-97 

64-86 

87-64 

76-72  ^ 

1676 

91-64 

62-20 

abUt 

94-21 

absent 

92-83 

60-92 

93-37 

1576 

97-88 

66-61 

92-68 

91-46 

87-12 

97-60 

66-82 

92-49 

92-23 

86-63 

1677 

96-81 

66-74 

84-67 

89-86 

absent 

97-38 

67-14 

86-04 

9116 

,^ 

1678j 

96-68 

27-40 

92-46 

absent 

92-63 

96-79 

27-27 

92-63 

94-64 

1679 

98-86 

69-34 

91-22 

abaent 

absent 

99-88 

69-29 

91-33 

If 

» 

In  Table  IV.  are  embodied,  as  the  result  of  calculations  made 
from  Table  II.,  the  mean  analyses  of  the  carbides  on  a  100  per 
cent,  basis. 

Table  TV. 


steel  No. 

a 

Fe. 

Cr. 

W. 

Ho. 

V. 

1674 

516 

40-64 

10^ 

.*• 

36-24 

713 

1676 

4-30 

49-82 

1M2 

... 

34-73 

... 

1676 

3-16 

30-06 

6-63 

47-49 

801 

4-67 

1677 

2-78 

83-81 

7-46 

47-78 

8-74 

... 

1678 

2-36 

24-17 

318 

66-46 

... 

4-82 

1679 

2-63 

30-16 

7-01 

60-29 

... 

... 

Atomio  weigbts    . 

12 

66 

62 

184 

96 

61 

From  Table  IV.  have  been  obtained,  by  the  usual  calcu- 
lations, the  atomic  relationships  embodied  in  Table  V.     Erom 

Table  V. 


steel  No. 

a 

Fe. 

Or. 

W, 

Mo. 

V. 

1674 

0-429 

0-724 

0-209 

0-378 

0-140 

1676 

0-368 

0-890 

0-213 

... 

0-362 

... 

1676 

0-262 

0-637 

0-127 

0-268 

0-083 

oon 

1677 

0-232 

0.696 

0-143 

0-269 

OKWl 

... 

1678 

0*197 

0-432 

0-061 

0-366 

.*• 

0H»5 

1679 

0-211 

0-639 

0-134 

0*828 

... 

... 
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the  values  set  forth  in  Table  Y.,  by  the  tedious  plan  of  '*  trial " 
caloulations  and  also  by  the  more  scientifio  methods  of 
algebraic  calculations,  have  been  determined  the  chemical  con- 
stitutions tabulated  in  the  second  column  of  Table  VI.^ 

The  constitutional  formulsB  set  forth  in  the  second  column  of 
Table  VI.  confirm  in  a  remarkable  manner  the  accuracy  of  the 
former  researches  of  the  authors  and  Bead,  in  which  only  single 
elements  were  investigated  and  the  formulsB  of  their  carbides  de- 
duced.   Every  one  of  the  constituents  discovered  in  these  earUer 
researches  appears  in  high-speed  steels  even  when  all  four  alloying 
elements  are  present,  with  the  single  exception  of  the  topaz- 
hard  carbide  Gr^Cs.    It  is,  however,  not  surprising  that  this 
constituent  is  absent  when  it  is  remembered  that  the  carbon 
present,  in  addition  to  the  claims  of  chromium,  has  to  satisfy  the 
affinities  for  carbon  of  vanadium,  tungsten,  and  molybdenum. 
It  will  be  seen  that  in  some  cases  all  three  elements,  in  addition 
to  the  chromium  and  iron,  have  seized  their  shares  of  carbon. 
When  it  is  realised  that  Ct^Q^  contains  about  18-4  per  cent, 
carbon  and  Cr^C  requires  only  about  5*4  per  cent.,  it  becomes 
clear  that  insufficient  carbon  was  left  to  form  the  higher  carbide, 
and  that  therefore  only  the  lower  compound  was  produced 
throughout.    This  fact  disproves  the  theory  formerly  held  by 
one  of  the  authors,  namely,  that  the  chromium  in  high-speed 
steels  containing  about  3  per  cent,  chromium  probably  always 
existed  aS  Cr^Cj.    Also  another  theory  held  by  the  same  author 
that  all  high-speed  steels  contained  no  FeaO  falls  to  the  ground, 
as  this  is  true  only  when  high  tungsten  and  vanadium  are  present 
together.    In  this  connection  it  may  be  noted  that  a  peculiar 
feature  of  the  table  is  that  only  in  steel  No.  1578  is  Fe^G  absent. 
The  reason  for  this  is  clear.    This  steel  contains  about  16  per 
cent,  tungsten  and  nearly  1*2  per  cent,  vanadium  (in  addition 
to  2*6  per  cent,  chromium),  and  the  presence  together  in  one  steel 
of  such  high  proportions  of  tungsten  and  vanadium  has  caused 
these  elements  to  appropriate  the  carbon  to  such  an  extent  as 
to  leave  none  available  to  produce  carbide  of  iron,  since  any 
carbon  left,  after  satisfying  the  tungsten  and  vanadium,  has 

1  In  oonoootion  with  this  t«ble  the  algebraic  methods  used  for  calculating  the  formubo.  data 
haTiog  reference  to  the  abraaiTO  hardness  of  the  various  carbides,  hardenites,  end  tungstide 
of  iron,  the  oarbon  contents  of  the  various  carbides,  and  also  the  percentage  oompoiition  of 
the  tongstide*  are  given  in  Appendix  III.,  p.  427. 
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been  annexed  by  the  ohrominm.  It  is  more  than  probable  that 
the  order  of  intensity  of  affinity  for  carbon  of  the  five  alloying 
elements  present  in  the  series  is  (1)  vanadium,  (2)  molybdenum, 
(8)  tungsten,  (4)  chromium,  and  (5)  iron.    (See  Appendix  IV.) 

MiCROGRAPHic  Analysis. 

The  correlation  of  the  micrographic  with  the  chemical  analysis, 
though  broadly  clear,  is  somewhat  general,  and  leaves  the  exact 
nature  of  the  constituents  revealed  considerably  in  the  region 
of  surmise.  It  was  found  that  four  half-sections  would  sufficiently 
well  represent  the  types  of  structure  presented  by  all  the  twelve 
microsections  examined.  Six  of  these  were  taken  from  the  well- 
annealed  bars  and  a  corresponding  six  were  cut  into  micro- 
sections  f  inch  square  by  ^  inch  thick,  and  these  were  rapidly 
quenched  from  1800^  G.  in  cold  water. 


OompotiHon  per  Ceni. 
Ourbon        .     .     .      0*76 


Ghromium    . 
Tangsten 
Moljbdennm 
Vanadium    . 


2-79 
nU 
6-79 
1-29 


Carbon        .     . 
Cbromiam    .     . 
Tangsten     .     . 
Molybdenum     . 
Vanadium    .     . 

.     0-72 
.     2-79 
.     nil 
.     6-72 
.     nU 

Carbon        .     . 
Chromium   .     . 
Tangsten      .     . 
Molybdenum     . 
Vanadium 

.     076 
.     2-82 
.    1212 
.     206 
.      1-28 

Carbon         .     . 
Chromium   .     . 
Tungsten      .     . 
Molybdenum 
Vanadium 

.     0-62 
.     279 
.    1200 
.     206 
.     nil, 

Sted  No,  1674. 

The  annealed  specimen  of  this  steel  shows  a  pale  background 
of  an  intermetallio  solution  overlaid  by  dark  troostltio 
and  paler  sorbitic  yarieties  of  a  pearlite  of  unknown  compo- 
sition, the  whole  being  overlaid  by  nodules  and  streaks 
of  a  brilliant  white  cementite,  no  doubt  a  mixture  of  segre- 
gated carbides. 

The  quenched  apecimen  shows  well-marked  allotrimorphio 
crystals  of  a  mixed  hardenite,  which,  here  and  there,  are 
partially  surrounded  by  a  unique  dark-etching  pearlitio 
constituent.  In  all  probability  this  is  trooetitio  vanadium 
pearlite,  which  does  not  transform  to  its  hardenite  until 
heated  to  1400°  C.  (see  Micrograph  No.  1,  Plate  L). 

Steel  No,  1575. 

The  annealed  epedmen  was  similar  to  1574,  but  exhibited 
only  nodules  of  oementite,  streaks  being  absent. 

The  quenched  specimen  showed  no  dark  pearlitic  areas  like 
those  in  1574,  but  merely  allotrimorphio  crystals  of  a  mixed 
hardenite  with  optically  dark  boundary  lines. 

Steel  No,  1576. 

The  annealed  epedmen  was  similar  to  1575. 

The  quenched  specimen  exhibited  allotrimorphic  crystals  of 
hardenite  surrounded  with  thin  cell  walls  of  troostitic  pearlite 
together  with  fairly  thick  and  yery  broken  cell  walls  of 
oementite  more  or  less  segregated  into  nodules  (seo 
Biicrograph  No.  2,  Plate  I.). 

Steel  No,  1577. 

The  annealed  specimen  was  similar  to  1574. 
The  quenched  specimen  showed  globules  of  oementite  along 
the  junctions  of  the  rather  large  crystals  of  hardenite. 
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8Ud  No.  1578. 
OompotiUon  per  Geni, 

Carbon        .     .     .     0-66  Th^  annealed  specimen  was  aimflar  to  1676. 

Ghiomium   .     .     .     2-62  TA«  gucnd^^pectmen  showed  the  smallest  ciystala  of  hardenite 

Tungsten     .     .     .    16-93  ooserved  in   the  series.    These   crystals  exhibited  small 

Moljbdenom     .     .     nil  nodoles  of  cementite  both  round  the  junctions  and  in  the 

Vanadium   .     .     .     1-16  crystals  themselves. 

Steel  No,  1679. 
Carbon        .     .     .     0*60        The  annealed  epecimen  was  similar  to  1576. 
Chromium    .     .     .     2'78        TKe  quenched  specimen  resembled   1678,  except  that   the 
^Dingsten     .     .     .    16*04  hardenite  crystals  were  somewhat  hu^er. 

Molybdenum     .     .     nil 
Vanadium   ...     nil 

Note. — In  none  of  the  specimens  was  any  sulphide  detected* 
although  in  each  section  about  0*06  per  cent,  of  sulphur  was 
present.  Doubtless  this  sulphur  is  in  solid  solution,  either  as 
sulphide  of  tungsten  or  sulphide  of  molybdenum.  It  has  already 
been  pointed  out  by  one  of  the  authors  that  high  tungsten  steels 
will  take  into  solid  solution  the  sulphide  of  tungsten  produced 
by  the  presence  of  over  0-2  per  cent,  of  sulphur  in  high-speed 
steels. 

Absorption  and  Becalescence  Curves. 

These  curves  were  obtained  substantially  as  formerly  de- 
scribed,^ but  owing  to  lack  of  time,  because  this  research  had,  before 
publication,  to  pass  the  Boards  of  Censorship,  it  was  impossible 
to  figure  aU  the  obtained  curves  in  the  present  paper.  One  pair 
of  curves  will,  however,  indicate  the  general  nature  of  the  results 
recorded.  They  are  plotted  in  Kg.  1,  which  reproduces  the 
two  carves  obtained  on  the  third  heating  and  cooling  of  steel 
No.  1574  of  this  research. 

The  Absorption  Curve.^—The  absorption  curve  record,  start- 
ing at  688''  C.  (a  low  red  heat),  presented  the  usual  absorption 
line  till  a  temperature  of  about  800®  C.  was  reached.  Here 
was  recorded  an  absorption  of  heat  (maximum  at  812®  C.) 
due  to  the  change  of  the  mixed  pearlites  of  iron  and  chromium 
(xPcgC  +  yCr^C)  to  their  mixed  hardenites.  Then  at  about  850®, 
in  a  progressive  series  of  relatively  small  absorptions  of  heat,  the 

1  Jownal  of  the  Iron  and  Steel  Institute,  1894,  No.  L  pp.  107  to  155  inclusiTe,  and  Flatet 
XVin.  and  XlX. 

B  An  ill-oonaidfired  proposal  haa  been  made  to  call  such  curves  as  this  *'  calesoenoe  "  curres. 
Reoalesoenoe  (the  term  proposed  by  Sir  William  Barrett,  F.R.S.,  in  1872)  obTioualy  means 
'*  reheating."  Therefore  "  calesoenoe "  means  heating*  which  is  absurd  when  cooling  is 
-' — ^  to. 
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Plate  XXIV. 


40-11. P   Electrical  Speed  Increment  Lathe  used  for  testing  H.S.S.  at 
Sheffield  University. 


Digitized  by 


QflM)g\^^' 


cr 

^ 

S* 

c 

4> 

^ 

■s 

U 

5 
c 

It 

«j 

M 

pM 

T;  '^' 

OJ  .X 

X 

0   0 

rt 

^1 

^ 

f^ 

1*C 

> 

_  _«j 

X 

'^ 

cj 

.^ 

«  .^ 

z. 

< 

'J 

TS 
QJ 

^       r", 

o 

j"^ 

e£ 

eS 

^ 

'■J 

1 

9. 

c 

c^ 

0    -C 

1 

C 

XI 

n 

1?^ 

ri 

■5 

■j^ 

.15 

k: 

uL 

S:  J.- 

rt 

^ 

X 

tt^  .'j: 

c; 

C^l 

S' 

'J, 

5  -'*' 

U 

r^ 

t^ 

'S. 

i<t 

0 

6 

L; 

> 

/5 

^ 

o  3:  ? 

^    ^  «  "^  '^   r 

O    —;  i-i   o  -  — 

»S     2  ^  r.    ^' 

^    c  o  ^- 


5      U    c^ 


6  P 


Digitized  by  VjOOQI^ 


HIGH-SPEED   TOOL  8TEEI£. 


417 


tungsten  pearlite  pursues  its  transformation  to  tungsten  bardenite, 
which  change  is  completed  in  a  relatively  abrupt  and  large  absorp- 


Fio.  1.— Turning  Tool  No.  1670.    C  0-6 ;  Cr  2-8;  W  16-9  per  cent. 

tion  of  heat  at  somewhere  about  1100°  C,  the  maximum  of  this 
point  presenting  itself  at  1067*  C.^ 

^  This  carve  was  predioted  by  Arnold  and  Read  in  1914.    See  Proceedings  of  the  IruHtuHon 
of  Mechanical  Enginure,  Maroh  1914,  ppb  244-/S,  and  p.  408  of  present  memoir. 

1919^i.  2  S 
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The  Becalescence  Curve. — This  ourve  of  the  cooling  of  steel 
No.  1574  shows  the  almost  ideal  radiation  line  of  Arnold's 
apparatus  until  a  well-marked  recalesoence,  reaching  a  maximum 
at  408^  C,  presents  itself.  This  is  the  change  of  the  mixed 
hardenites  of  iron  and  chromium  to  their  mixed  pearlites.  The 
tungsten  hardenite  is  practically  untransformed.  (As  is  well 
known,  high  tungsten  steel  (12  to  18  per  cent.),  when  heated  to  a 
yellow-white  heat  and  cooled  in  air,  requires  several  hours  ^low 
cooling,  say  from  900^  C,  before  it  can  be  drilled.) 


PART  II. 

COBBELATION   OF    THE    CHEMICAL  AND  MiOROGBAPHIO  ANALYSES 

WITH  Lathe  Effioienoies  of  the  Series. 

Forging,  Grinding j  and  Heat'treatmerU  of  {he  Tools.— The  tools 
were  forged  at  a  mellow  yellow  heat  (about  1100°  C),  roughly 
ground,  hardened,  and  finally  ground  (radius  to  template)  into 
the  shajpe  shown  in  Fig.  2. 

Two  schemes  of  hardening  were  adopted. 

First  Method. — The  method  used  by  tool  smiths  in  ordinary 
works  practice.  The  noses  of  the  tools  were  gradually  heated 
in  a  coke  hearth  to  a  yellowish-white  colour  (judged  by  the  eye), 
and  were  then  quenched  out  in  whale  oil  (odd  numbers)  or  were 
quenched  to  a  black  in  warm  water  and  cooled  off  in  a  strong 
compressed  air-blast  (even  numbers). 

Second  Method. — The  noses  of  the  tools  were  slowly  pre-heated 
in  a  smith's  fire  to  a  bright  red  colour,  and  were  then  raised  to 
a  yellowish-white  heat  in  an  electrically  melted  bath  of  pure 
barium  chloride,  pyrometrically  controlled  at  ISOO"*  C.  (plus  or 
minus  lO"*),  and  quenched  out  in  whale  oil  (odd  numbers)  or  were 
quenched  in  water  at  about  60°  and  quickly  cooled  in  a  com- 
pressed air-blast  (even  numbers). 

Marmfacture,  Heat'treatment,  and  Chemiodl  Analysis  of  Hard 
Steel  Shaft  used  for  Testing  Operations. — It  was  decided  to  obtain 
a  hard  steel  shaft  of  the  most  even  micrographic  texture  practi- 
cally possible.  An  acid  open-hearth  ingot  about  IT^inches  square, 
and  weighing  about  27  cwts.,  was  therefore  cast.  This  ingot 
was  hammered  down  to  about  13  inches  round  and  allowed  to 
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cool  on  the  floor  of  the  forge  without  any  further  heat-treatment. 
About  25  per  cent,  of  the  upper  end  of  the  open  topped  ingot  was 
discarded  and  the  shaft,  weighing  about  1  ton,  was  turned  down 
to  a  little  under  12  inches  diameter  before  commencing  the  tests 


ELEVATION 


PLAN 


'  ^  y  /  /  /  / 


/  /  ^  // 


Pio.  2. 


in  order  to  remove  the  decarburised  skin  and  surface  hammer 
hardness.    The  mean  analysis  of  the  bar  was  : 

Per  Cent. 

Carbon 0-960 

Silicon 0120 

Manganese 0-860 

Phosphorufl 0-045 

Sulphur 0044 

Aluminium trace 

Iron  by  difference 97*981 

Structure  of  the  Test  Bar. — In  virtue  of  its  composition  this 
bar  naturally  presented  a  very  even  texture  of  finely  granular 
manganiferous  pearlite. 

Segregati4)n  Tests. — During  turning  operations,  turnings  were 
taken  from  each  end  and  midway  from  the  bar,  and  registered  the 
following  analytical  figures : 

Carbon  Sulphur 

per  Cent.  per  Cent. 

Driving  heacUtock  end 0-96  0045 

Middle  of  bar 0-94  0045 

Loose  headstock  end 0-97  0*043 

The  segregation  is,  therefore,  practically  negligible. 
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Hardness  Tests.— A  series  of  hardness  figures  by  the  Brinell 
maohine  and  by  the  scleroscope  were  taken  from  transverse 
sections  of  the  bar,  and  it  was  found  that  the  Brinell  values  varied 
from  241  to  269,  and  the  scleroscope  figures  from  80  to  37.  The 
above  records  from  a  ton  shaft  are  not  at  all  unsatisfactory  with 
reference  to  mean  hardness.    (See  Appendix  V.) 

The  Lathe  Methods  Employed. — The  whole  of  the  tests  were 
conducted  without  any  lubrication  on  the  40  horse-power  electri- 
cally driven  speed  increment  lathe  used  for  testing  high-speed 
steel  in  the  Faculty  of  Metallurgy  of  Sheffield  University.  (See 
Plate  XXIV.)  The  starting  speed  was  increased  1  foot  per  minute 
till  the  tool  broke  down.  When  the  cutting  speed  reached  well 
over  80  feet  per  minute  the  cutting  edge  of  the  tool  became  red 
hot,  say  rather  over  600®  C,  and  the  small  particles  of  steel 
occasionally  ejected  from  the  test-bar  scintillated  brightly  for  a 
second  or  so. 

The  results  of  the  efficiency  tests  on  the  steels,  together  with 
their  dominating  alloying  elements  and  other  details,  are  embodied 
in  Table  VII. 

Practical  and  Theoretical  Deductions  prom 
Table  VII. 

The  comparative  efficiencies  of  the  six  types  of  high-speed 
steels  tested  in  this  research  are  shown  in  liable  VIII.  (p.  422)  in 
order  of  merit  as  measured  by  the  weight  of  hard  unannealed  steel 
removed  during  the  tests. 

A  perusal  of  Table  VIII.  will  render  e^ddent  the  fact  that  the 
efficiencies  of  the  three  steels  containing  vanadium  (and  conse- 
quently capable  of  being  water  hardened  without  cracking)  have 
a  mean  efficiency  of  108*9  as  against  a  mean  efficiency  of  only 
61*9  obtained  from  the  non-vanadiferous  oil -quenched  steels. 
The  mean  efficiency  of  the  steels  hardened  from  the  tempera- 
ture-controlled University  salt  bath  equals  108-9 ;  that  of  the 
steels  hardened  from  the  smith's  fire  equals  102*5. 

With  reference  to  the  relative  hardening  power  of  tungsten 
and  molybdenum,  in  a  paper  on  **  The  Chemical  and  Mechanical 
Relations  of  Iron,  Molybdenum,  and   Carbon,"^  the  authors 

I  Proeudinjs  of  th€  InatUuHon  of  Meehanieat  Snjin^ers,  1916,lNoyember,  p.  050. 
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showed  that  the  theoretical  hardening  powers  of  molybdenum  and 
tungsten  in  high-speed  steel  were  respectively  about  2-8  to  1. 
In  the  present  research,  however,  it  has  been  found  that  when, 
say,  1*25  per  cent,  vanadium  is  present,  this  hardness  factor 
becomes  greater,  being,  instead  of  2-8,  about  2*7.  Thus  assuming 
(to  avoid  any  exaggeration)  that  steels  1574  and  1678  are  practi- 
cally equal  in  cutting  efl&oiency,  then  5-79  per  cent,  molybdenum 
is  equivalent  to  15-98  per  cent,  tungsten,  but  15-98  divided  by 
5-97  equals  2-68  nearly.  On  this  basis,  taking  steel  No.  1577, 
the  theoretical  tungsten  equivalent  would  be  12  +  (2-06  X  2-68), 
which  equals  17*5  per  cent,  tungsten,  but  the  actual  mean  lathe 


Table  VIII. 


steel  No. 

Effidenoy 
Position. 

Type.i 

No.  of  Teste. 

Lbs.  of  Steel 
Removed. 

1674 
1678 
1676 
1677 
1679 
1676 

1 
2 
3 

4 
6 
6 

V-Mo 

v-w 

V-W-Mo 

W-Mo 

W 

Mo 

six 
five 

111-90 
109-80 
9610 
7200 
66-60 
4700 

efficiency  of  this  steel  as  compared  with  that  of  steel  1574  is  only 
12*5  to  18-6  lbs.  of  steel  removed,  hence  theoretical  hardness  and 
practical  lathe  efficiency  are  by  no  means  identical  terms,  as  has 
been  decisively  demonstrated  by  one  of  the  authors.'  An  interest- 
ing comparison  is  found  in  the  mean  relative  efficiencies  of  steels 
Nos.  1574  and  1575,  which  are  respectively  18-6  and  9-4,  and  owing 
to  the  well-known  erratic  behaviour  of  molybdenum  per  se,  1575 
is  the  only  steel  of  the  whole  series  which  broke  in  the  lathe. 
Hence  about  1'2  per  cent,  vanadium  has  prevented  water -cracking 
and  raised  the  cutting  efficiency  of  the  steel  98  per  cent.  Figures 
closely  agreeing  with  these  (101  per  cent.)  were  plentifully  proved 
in  connection  with  chromium-tungsten-cobalt  high-speed  steel 
in  the  semi-private  research  published  by  one  of  the  authors  about 
June  1914,  and  then  officially  deposited  in  the  archives  of  Sheffield 
University. 

I  Chrominm  pnotioally  oonstant  at  about  2*76  per  cent.;   mean  carbon  0-66,  plus  or 
minOB  0*10  per  oent. 
Journal  of 


»Jo 


I  of  tkt  Iron  and  Sted  InsUhUe,  1916,  No.  I.  p.  102. 
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APPENDIX  I. 

Analysis  of  the  Carbide  Besidties. — The  residues,  after  being 
ooUeoted,  washed,  and  dried,  as  described  in  previous  papers 
(already  quoted),  were  analysed  as  follows  : — Carbon  was  deter- 
mined in  a  separate  portion  by  combustion  in  a  current  of  oxygen. 
The  remaining  portion  was.  ignited  at  dull  redness  to  constant 
weight,  and  the  residue  fused  thoroughly  with  a  mixture  of 
carbonate  and  peroxide  of  sodium.  The  **  melt ''  was  extracted 
with  water,  filtered,  and  washed.  The  ferric  oxide  resulting  from 
the  ignition  of  the  residue  was  dissolved  in  acid,  the  iron  reduced 
and  determined  volumetrically. 

The  filtrate  was  made  up  to  a  definite  volume  and  then  divided 
into  two  parts.  Chromium  was  determined  volumetrically  in  one 
part,  after  acidifying  with  sulphuric  acid,  by  means  of  ferrous 
ammonium  sulphate  and  standard  potassium  permanganate  solu- 
tions, the  latter  being  added  until  a  pink  colour,  persisting  for 
two  minutes  in  the  cold  solution,  was  obtained.  In  the  cases  of 
the  residues  containing  vanadium,  the  titrated  solution  was  again 
reduced  with  ferrous  solution,  the  excess  of  which  was  determined 
by  titration  with  permanganate  until  a  drop  of  the  solution  failed 
to  yield  a  blue  colour  immediately  on  mixing  with  potassium 
ferricyanide  solution.  This  second  titration  determines  vanadium : 
the  determinations  were  confirmed  by  another  method  {vide 
injta). 

ThQ  other  portion  of  the  filtrate  was  made  faintly  but  distinctly 
acid  with  hydrochloric  acid,  the  chromic  acid  reduced  with 
sulphurous  acid,  the  solution  boiled  for  two  minutes  and  then 
cooled.  A  solution  of  potassium  permanganate  was  next  added 
until  the  vanadium  was  fully  oxidised,  then  an  excess  of  lead 
acetate  and  ammonium  acetate,  and  the  mixture  allowed  to 
digest  for  two  hours.  The  precipitate  was  collected,  washed, 
and  ignited  at  a  low  red  heat.  The  residue  was  dissolved  in 
concentrated  hydrochloric  acid,  the  solution  evaporated  almost 
to  dryness,  and  the  residue  boiled  with  dilute  hydrochloric  acid 
(1  acid,  4  water).  The  residue  of  tungstic  oxide  was  collected, 
washed,  &c.,  and  the  iungsim  calculated. 

The  filtrate  from  the  tungstic  oxide  was  treated  as  follows 
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for  the  determination  of  molybdenum  and  vanadiom,  when 
present. 

(i.)  VanacUum  Absent. — The  solution  was  treated  with  dilute 
ammonium  hydrate  until  turbid,  the  turbidity  was  cleared  with 
a  few  drops  of  aoid,  the  solution  heated  to  boiling,  and  an  excess 
of  ammonium  acetate  added.  The  precipitated  lead  molybdate 
was  collected,  and  the  molybdenum  thus  determined.  Molybdenum 
was  also  determined  as  follows  : 

(ii.)  Vanadium  Present — The  solution  was  evaporated  after 
adding  a  few  cubic  centimetres  of  concentrated  sulphuric  acid 
until  copious  fumes  of  sulphur  trioxide  were  evolved.  After 
diluting  with  water,  the  lead  sulphate  was  filtered  out  and 
washed.  The  filtrate  was  treated  with  sulphurous  acid,  the  excess 
of  the  latter  expelled  by  boiling,  and  the  vanadium  determined  by 
titration  with  standard  permanganate.  *  The  titrated  solution  was 
passed  through  a  Jones'  reductor  and  the  solution  again  titrated* 
the  molybdenum  and  vanadmm  contents  thus  being  obtained.  The 
two  titrations  sufficed  for  the  determination  of  molybdenum  by 
difference. 

The  carbide  residues  were  not  analysed  for  phosphorus, 
sulphur,  silicon,  nor  manganese. 

APPENDIX  II. 

Method  Jor  the  Algebraic  Determinations  oj  Constitutional  Formulos 
jrom  Atomic  Ratios  calculated  from  the  Analyses  oj  (he  Electro- 
lytic Besiduss  containing  mixed  Carbides  and  Tungstide 
oj  Iron, 

Method  1. — For  an  example  select  the  electrolytic  residue 
yielded  by  steel  No.  1579,  the  analysis  of  which  is  given  in  Table  I., 
p.  409.  From  this  analysis,  by  the  usual  simple  calculations,  deter- 
mine the  atomic  ratios  of  the  elements  present,  viz.  G  0*211, 
Fe  0-539,  Or  0134,  W  0-828  (Table  V.).  Then  the  previous 
researches  of  Arnold  and  Bead  have  shown  that  the  carbides, 
&c.,  are  FejC,  WC,  FcaW,  and  either  Cr4C,  CrgCj,  or  a  mixture 
thereof.  By  the  simple  but  tedious  method  of  **  trial/'  ascertain 
the  fact  that  there  is  insufficient  carbon  present  to  form  Gt^G% 
(18*8  per  cent,  carbon)^  and  that  therefore  the  carbide  present 
must  be  Cr^O  (5*4  per  cent,  carbon).    Ascertain  the  carbon 
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0*184 
reqtdred  for  this   formula^  viz,    — j-   =  00885  ;  .*•  remaiDing 

available  carbon  =  0-1775  atom. 

Let  X  =  number  of  atoms  required  by  W  to  form  WC,  then 

C  left  =  0-1775  —  X  atoms ; .-.  Pe^C  =  0-1775  —  x  molecules. 
Therefore  Pe  left  to  form  Pe^W  =  (0-828  —  re). 
Therefore  2(0-828 -x)  =0-589-8  (0-1775  -  aj)   or  5a;  =0-65, 
and  X  =  0-18. 

Hence  molecular  proportions  of  Cr^C,  WC,  Pe,W,  and  Fe^G 
are  00885  Cr4C  +  0-18  WC  +  0-198  Fe,W  +  0-0475  PejC,  which 
are  equivalent  to  205Cr4C  +  8WC  +  12-2Pe2W  +  8Pe8C,  which, 
within  the  limits  of  errors  of  analysis,  gives  the  molecular  con- 
stitution as  8Pe3C  +  2Cr4C  +  8WC  +  12Pe2W. 

Method  2.— Steel  No.  1579.  Atomic  ratios,  C  0-211,  Pe 
0-589,  Cr  0-184,  W  0-828.  Compounds  present  Fefi,  Fe,W, 
WC,  Cr4C.  As  chromium  all  exists  as  Cr4C,  then  Cr  184  will  take 
G  88-5,  giving  88-5  molecules  of  Cr^C.  Thus  are  left  C  178,  Pe  689, 
W828. 

Let  X  =  number  of  molecules  of  PejC, 
y  „  »  »  PeaW, 

«  »         »  „  WC; 

Then  atoms  of  iron  =  8a;  +  2t/, 
„  „    tungsten  =  y  +z, 

„  „    carbon  =  x  +si. 

That  is  to  say,  8a;  +  2j/  =  589, 
„     J/  +  2r  =  828, 
„  „     X  +  z=  178. 

On  solving  it  will  be  found  that 
aj  =  48,  t/  =  198,  z  =  180. 
Hence  formula  must  be  48Pe3C  +  WSPcgW  +  180WC  +  88Cr4C. 
Divisor  for  simplification  =  16. 

Hence  within  the  limits  of  experimental  error,  the  constitu- 
tional formulsB  of  the  constituents  of  the  electrolytic  residue 
from  steel  No.  1579  =  8Pe3C  +  2Cr4C  +  8WC  +  12Pe,W,  as  in 
Method  1. 
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APPENDIX  III. 

A. 

Percentage  Compositions  oj  (he  various  Carbides,  Pearlites,  and 
Hardenites,  together  with  their  Formulcd  and  abrasive  Hard- 
nesses on  MoKs  Mineral  Scale  so  Jar  as  they  have  been  definitely 
or  approximately  determined. 


Hardness  Number  on 

Names  of 

Formulae. 

Carbon 

Metal 

Mob's  Mineral  Scale. 

Carbides. 

per  Cent. 

percent. 

(Diamond— Hardest  Sabstanoe 

93-3 

known  -  10.) 

Iron  . 

Fe,C 

6d 

Chromic 

Cr.C. 

13-d 

86-8 

8-0  (topaz) 

Chromoos    . 

Cr.C 

6-44 

94-66 

7-0  (qoarta) 

Tongsten    . 

WC 

612 

93-88 

7-6  (qnartB— topaz) 

Vanadimn  . 

v,c 

16-00 

8600 

8-6  (topaz— corondam) 

Fe,Mo,C 

266 

fFe  36-90) 
1  Mo  61-64/ 

7-6  (quartz — topaz) 

27ofe5.— Tungstide  of  iron,  Pe,W,  contains  Fe  37-8  and  W 
62-2  per  cent.    Abrasive  hardness  about  6-5  (felspar — quartz). 

Commercially  pure  iron  (99*8  per  cent.)  has  a  Moh's  hardness 
of  about  4  to  6  (fluorspar — apatite)  according  to  its  thermal 
treatment. 

B. 

Empirical  Formulcs  oj  the  Pearlites  and  Hardenites  oj  the  Four  True 
Steels  {at  present  knotDn)^  with  Temperature  Transjormation 
Banges  {see  jootnotes). 


Name  of  True  Steel. 

PearUte  MiTture 
Formula. 

Hardenite  (Solid 
Solution  Formula). 

Abrasive  Hardness 
on  Mob's  Scale.      : 

Iron 

Vanadium 

Tungsten 

Ferro-molybdenum 

(21Fe  +  Fe.C)i 
(72Fe  +  V,C.) « 
(26Fe  +  WC)  » 
(24re  +  Fe,Mo,C)* 

(Fe,.,  C) 
(Fe«.  Fe.Mo,C) 

! 

7  (quartz) 

9  (corundum) 
7-6  (quartz—topsa). 
7-6  (quartz— topaz) 

1  Transformation  range  to  its  hardenite,  728**  to  730"  C. 
s  Transformation  range  abrupt  at  about  1400°  C. 
*  Transfonnation  range  about  860^  to  1100°  a 
«  Transformation  range  about  926°  to  1100°  C. 
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APPENDIX   IV. 

Experiments  made  to  Determine  the  Belative  Affinities  for  Carbon 
of  the  Alloying  Elements  of  High-speed  Steels. 

A  steel  containing  about  1*1  per  cent,  of  carbon  and  8  per 
cent,  each  of  the  alloying  elements  tungsten,  chromium,  vanadium, 
and  molybdenum,  was  made,  annealed,  and  electrolysed  in  the 
usual  way.  On  chemical  analysis  the  washed  and  dried  residue 
was  found  to  contain  of  the  total : 

Percent. 

Cliromiam 14*1 

Tungsten 68*3 

Molybdenum 73-2 

Vanadium 98*7 

Oarbon 84-4 

The  proportions  of  the  elements  above  mentioned  would 
doubtless  exist  as  Cr4C,  WC,  Mo3-5C,  and  V4C3. 

Iron  as  FejC  seemed  to  be  totally  absent,  there  being  barely 
enough  iron  (about  9  per  cent.)  in  the  residue  to  satisfy  the 
formula  PejMojC. 


APPENDIX  V. 

BHneU  and  Scleroscope  Hardness  Values  of  the  One-ton  Testin^g 
Shaft  obtained  from  Transverse  Slices  cut  from  each  End  of 
the  Bar. 

BrindL  Tuts. 

Driving  headstock  end   256  to  269 )  i^^.„  okk 
LootT         „  „       241  to  2661^^^ 

SderoMopi  Tuts» 

Driving  headstock  end  31  to  36 )  w..^  •• 
Loow^        „  „     30  to  34;^*"^^ 

The  authors  here  feel  induced  to  call  attention  to  the  most 
excellent  manner  in  which  the  printers,  acting  upon  instructions 
from  Mr.  G.  C.  Lloyd,  the  Secretary  of  the  Institute,  have 
reproduced  the  five  illustrations  accompanying  this  paper. 
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NOTE    ON    SURFACE   TENSION   EFFECTS   IN 
HIGH-SPEED    STEELS. 

By  F.  C.  THOMPSON,  D.Met.,  B.So. 
(Assistant  Lbctubsb  in  Metalluboy  of  thb  Uniybbsity  or  Shbffibld). 

In  the  Journal  of  the  Iron  and  Sted  Institute,  1916,  No.  I.  p.  102,  in 
a  paper  entitled  "  Note  on  the  Relations  between  the  Cutting  Efficiencies 
of  Tool  Steels  and  their  Brinell  or  Scleroscope  Hardnesses,"  Professor 
Arnold  showed  the  lack  of  correlation  between  the  Brinell  and  sclero- 
scope hardnesses  of  plain  carbon  and  high-speed  turning  tool  steels 
and  their  lathe  efficiencies.  He  attributed  the  enormous  cutting 
superiority  of  high-speed  steels  of  relatively  low  Brinell  hardness 
value  (compared  with  the  hardness  registered  by  quenched  and  tempered 
plain  carbon  steel)  mainly  to  the  remarkable  "  thermal  stability  " 
of  tungsten  hardenite  over  that  of  iron  hardenite.  The  latter,  it 
was  pointed  out,  becomes  soft  by  its  almost  complete  reversion  to 
troostitic  iron  pearlite  at  a  blue  heat  (say  3(X)^  C),  whereas  tungsten 
hardenite  is  capable  of  cutting  at  a  red  heat  (say  650^  C),  before  trans- 
forming to  relatively  soft  tungsten  pearlite.  l^e  following  suggestion 
is  now  put  forward  in  explanation  of  thermal  stability,  based  on  surface 
tension  e£Eects,  cleat  evidence  of  which  was  obtained  from  the  twelve 
microsections  described  in  Dr.  Arnold  and  Mr.  Ibbotson's  foregoing 
paper,  which  correlates  the  molecular  constitutions  and  lathe  efficiencies 
of  high-speed  steels. 

The  carbide  occurred  in  all  cases  in  globular  masses,  the  rounding 
of  which  is  due  to  the  action  of  surface  forces.  In  steel  No.  1574, 
in  the  annealed  condition,  traces  of  a  cell-waU  structure  were  still 
to  be  seen,  which  had  broken  up  under  the  action  of  the  annealing. 
Such  a  tendency  for  thin  films  or  cell  walls  to  break  up  and  become 
a  series  of  globules  is  quite  in  accord  with  the  known  effect  of  surface 
action  in  other  media.  At  the  highest  powers  of  microscopic  vision 
the  sorbitic  pearlite  can  be  seen  to  consist  of  almost  perfectly  spherical 
"  droplets  "  of  a  carbide  embedded  in  a  matrix  of  "  ferrite,"  either 
per  se  or  with  other  metals  in  solid  solution.  The  sphere  is  the  solid 
body  which  possesses  the  minimum  surface  for  a  given  volume,  and 
is  the  form  taken  up  by  a  body  free  from  other  forces  under  the  action 
of  surface  tension. 

The  efEect  of  surface  forces  in  delaying  the  formation  of  minutest 
globules  of  carbide  from  the  solid  solution  hardenite,  i.e,,  the  letting 
down  of  the  steel,  may  be  supposed  to  act  in  the  following  manner. 
As  is  now  well  known  the  sombility  of  a  solid  isjdependent  to  some 
extent  on  the  suse  of  the  particles^  and  especiallyuwhen^these  become 
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very  small  indeed  the  tendency  to  pass  into  solution  is  greatly  enhanoed. 
This  efEect  is  evidence  of  the  importance  of  surface  phenomena.  On 
the  other  hand,  when  small  particles  of  a  solid  are  about  to  separate 
out  from  a  solution,  the  "  resistance  "  to  the  separation,  due  still  to 
the  action  of  surface  forces,  is  great  and  may  totally  prevent  crystal- 
lisation from  a  supersaturated  solution.  The  higher  the  value  of  the 
surface  tension,  the  greater  will  this  inhibition  be.  It  is  here  that  the 
efEect  of  nuclei  on  which  the  crystals  can  form  makes  its  appearance. 
The  nucleus  has  already  a  surface  great  compared  with  that  of  the 
minimum  portion  of  crystalline  matter,  and  hence  the  exercise  of  the 
greatest  forces  is  not  in  operation.  In  this  connection  it  may  be 
remarked  that  the  separation  of  matrix  from  a  plain  steel  on  tempering 
is  facilitated  by  the  inclusions  of  sulphide,  and  the  absence  of  these  on 
high-speed  steels  ^  would  tend,  though  possibly  only  to  a  small  extent, 
to  hinder  the  decomposition  of  the  hardenite,  f.6.,  to  raise  the  thermal 
stability  of  the  material.  It  is  in  connection,  however,  with  the 
values  of  the  surface  forces  themselves  that  the  increase  in  stability 
of  the  hardenite  of  a  high-speed  steel  is  probably  mainly  due.  The 
addition  of  one  metal  to  another  may  either  raise  or  lower  the  surface 
tension.  In  connection  with  such  alloys  as  the  special  steels  no  definite 
experimental  data  is  yet  available,  but  if  we  assume  that  in  a  high- 
speed steel  the  efEect  of  the  addition  of  the  special  elements  is  to  raise 
the  value  of  the  surface  forces,  then  their  remarkable  thermal  stability 
is  explained.  The  question  resolves  itself  at  once  merely  into  a  pro- 
found refusal  to  allow  the  initial  stages  of  letting  down  to  set  in, 
i.e.,  to  aUow  the  first  minute  particles  of  carbide  in  the  **  troostitic 
pearlite  "  to  form.  As  the  temperature  of  the  steel  is  raised  the  surface 
tension  becomes  less,  with  the  result  that  the  separation  of  the  carbide 
from  solution  is  no  longer  totally  prevented,  and  hence  '^  letting 
down  "  commences.  Once  these  first  small  masses  of  carbide  have 
formed  the  rest  of  the  process  is  rapidly  accomplished,  since  each 
particle  acting  as  a  nucleus  renders  the  further  precipitation  more 
easy  and  complete. 

^  This  WM  prored  by  Arnold  in  a  reaearoh  on  "  The  Influence  of  Cobalt  on  High-«peed 
Steel,*'  presented  to  the  High-speed  Steel  Association  in  I9I4. 
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CORRESPONDENCE. 

Dr.  J.  H.  Andrew  and  Mr.  GT.  W.  Green  wrote  that  whilst  admiring 
the  careful  and  interesting  carbide  determinations  of  the  authors  they 
disagreed  with  them  upon  their  absorption  and  recalescence  curves 
and  their  interpretation. 

In  the  first  place  the  two  lower  points  in  the  heating  curve  were 
37^  higher  than  similar  points  obtained  independently  by  Yatsevitch 
and  the  writers,  whilst  their  magnitude  was  likewise  reversed ;  more- 
over, it  was  inconceivable  that  the  tungsten-pearlite  should  be  trans- 
formed to  tungsten-hardenite  in  a  series  of  jumps :  a  rather  unusual 
manner  for  a  physico-chemical  reaction  to  take  place. 

The  lower  point  occurring  in  the  heating  curve  of  that  steel  at 
775^  C.  was  similar  to  that  invariably  found  in  chromium  steels  at  a 
temperature  just  below  the  main  absorption  point.  That,  in  conjunction 
with  evidence  furnished  by  the  Brinell  hardness  curve  of  quenched  speci- 
mens which  showed  no  change  in  the  hardness  produced  by  quenching 
from  just  above  the  775°  point,  did  not  support  the  authors'  conten- 
tion that  it  was  due  to  the  transformation  of  chromium  pearlite 
into  chromium  hardenite.  The  increase  in  hardness  found  both  by 
Yatsevitch  and  the  writers  by  quenching  from  just  above  the  850° 
point  suggested  that  that,  and  not  the  lower  point,  was  concerned  with 
the  carbide  transformation. 

The  hardness  curves  obtained  by  Yatsevitch  and  the  writers,  by 
quenching  at  different  temperatures  upon  jieating,  were  shown  in 
Figs.  A  and  B,  where  the  great  increase  in  hardness  above  the  850°  C. 
point  and  ineffectiveness  of  quenching  at  any  temperature  below 
that  point,  was  clearly  revealed. 

With  regard  to  the  higher  point,  namely  1067°  C,  if  that  were  a 
carbide  change  a  material  increase  in  hardness  would  be  expected  in  a 
specimen  quenched  above,  to  one  which  was  quenched  just  below. 
The  writers  had  found,  however,  that  the  hardness  was  practically 
a  linear  function  of  the  temperature  over  the  range  850°  C.  to  1300°  C, 
due,  it  would  seem,  to  the  gradual  solution  of  the  excess  carbide. 

Consideration  of  the  writers'  experimental  evidence  pointed  to 
the  fact  that  that  point  was  due  to  the  solution  of  a  substance  other 
than  carbide,  possibly  tungstide  of  iron,  which,  by  going  into  solution 
and  acting  thereby  as  a  dilutant,  would  rather  tend  to  bring  down  the 
hardness.  That,  however,  was  compensated  for  by  the  gradual  increase 
in  solution  of  free  carbide  with  rising  temperature. 

The  writers  had  shown  elsewhere  that  in  cooling  tool  steel  of  the 
composition  in  question,  two  recalescence  points  were  possible.  One 
occurred  at  about  740°  C.,  which  was  obtained  by  cooling  slowly  from 
below  950°  C,  after  which  cooling  the  steel  was  as  soft  as  in  the  annealed 
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condition,  thereby  showing  that  the  point  wae  the  reversal  of  the  850®  C. 
point  on  heating  and  due  to  the  complete  break-down  of  the  solid 
solution.  Yatsevitch  came  to  the  same  conclusion.  Consequently 
for  efficient  hardening  that  point  must  be  suppressed. 

By  cooling  from  a  higher  temperature  the  lower  point  similar  to 
that  of  the  authors  was  obtained.  The  raising  of  the  initial  temperature 
caused  a  gradual  suppression  (not  depression)  of  the  higher  point  with 
a  corresponding  increase  in  the  lower  point. 

A  similar  case  had  been  investigated  by  Dejean,  following  upon 
Benedicks'  work,  and  confirmed  by  Portevin.  The  general  view 
taken  by  those  workers  was  that  the  upper  point  was  the  austenite- 
troostite  transformation,  and  the  lower  point  the  austenite-martensite 
transformation,  in  which  the  martensite  consisted  of  a  solution  of  car- 
bides in  alpha  iron.  The  point  might  be  due,  therefore,  to  the  change 
from  ganmia  to  alpha  iron  without  precipitation  of  the  carbide. 

Professor  E.  D.  Campbell  (Michigan  University,  Ann  Arbor) 
wrote  that  few  papers  had  been  published  dealing  with  the  correlations 
existing  between  the  chemical  constitution  of  high-speed  tool  steels 
and  some  of  their  physical  properties,  in  which  the  experiments  carried 
out  had  shown  such  painstaking  care  as  that  of  the  authors.  It  was 
on  data  such  as  were  given  in  Tables  I.,  II.,  III.,  and  VII.  that  metal- 
lurgists depended  for  guidance  on  the  complex  problems  of  chemical 
constitution  of  steel  and  its  correlation  with  physical  properties. 

The  data  in  Tables  IV.  and  V.  were  computed  from  figures  given 
in  previous  tables  and,  while  very  useful  for  purposes  of  further  com- 
putations, depended  only  upon  a  knowledge  of  the  atomic  weights  of 
the  elements  involved. 

The  theoretical  formulae  given  in  Table  VI.  might  be  open  to  question 
by  chemists  who  had  paid  much  attention  to  the  development  of 
physical  chemistry  during  recent  years  and  especially  to  the  formation 
of  mixed  crystals  or  solid  solutions.  According  to  the  method  used 
for  calculating  those  formulae,  as  given  in  detail  in  Appendix  II., 
the  fundamental  assumption  was  made  that  the  whole  of  the  chromium 
found  in  the  carbide  residues  existed  as  a  pure  chromium  carbide, 
Cr4C.  All  the  theoretical  formulsB  obtained  by  "  trial  "  or  by  algebraic 
calculations,  necessarily  rested  upon  the  fundamental  premise  that  all 
the  chromium  in  the  carbide  residues  existed  as  a  pure  carbide  of 
chromium,  with  the  empirical  formula  Cr4C.  Those  interested  in  the 
attempt  to  get  at  the  true  chemical  constitution  of  the  complex  carbides 
found  in  steel  might  very  properly  inquire  whether  there  was  any 
experimental  evidence  to  prove  the  truth  of  the  fundamental  assumption 
on  which  those  calculations  depended. 

According  to  the  results  reported  by  Arnold  and  Read  ^  in  their 
valuable  paper  on  *'  The  Chemical  and  Mechanical  Relations  of  Iron, 
Chromium  and  Carbon  "  if  the  percentage  of  chromium  was  very  low 

1  Journal  of  the  Iron  and  8Ud  In^UuU,  1911,  1,  p.  267. 
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(under  one  per  cent.),  none  of  the  carbon  existing  as  a  carbide  of 
chromium  was  present  as  the  Cr4C  carbide.  When  the  chromium 
in  the  steel  was  4*97  per  cent,  only  one-seventh  of  the  carbon  found 
combined  with  chromium  was  in  the  form  of  the  Cr4C  carbide,  while 
with  over  10  per  cent,  of  chromium  only  one-third  of  the  carbon  existed 
as  carbide  of  chromium  in  the  form  Cr4C.  It  was  not  until  chromium 
had  reached  15  per  cent,  or  more  that  the  only  carbide  of  chromium 
reported  was  that  having  the  formula  Cr4C. 

In  all  the  high-speed  steels  under  discussion  the  chromium  was 
under  3  per  cent.,  so  that  it  would  be  interesting  to  inquire  upon  what, 
if  any,  experimental  evidence  the  authors  of  the  calculations  based 
their  fundamental  premise. 

Mr.  J.  Ferdinand  Eatser  (Spartan  Steel  Co.,  Ltd.,  Research 
Department,  Sheffield)  wrote  that  he  was  much  surprised  at  the  authors 
putting  forward  absorption  curve,  3rd  heating,  Fig.  1,  as  typical  of 
the  heating  curves  given  by  such  steels  as  they  had  examined.  He  did 
not  doubt  the  accuracy  of  the  authors'  work,  but  he  suggested  that 
the  initial  conditions  before  obtaining  the  curve  published  had  been 
of  a  rather  exceptional  nature.  The  nature  of  the  heating  curve  of 
those  steels  depended  upon  initial  condition,  and  three  of  the  very 
important  factors  which  determined  initial  condition  were  :  (1)  Highest 
temperature  reached  during  previous  treatmeht ;  (2)  rate  of  cooling 
during  previous  treatment ;  and  (3)  lowest  temperature  attained 
before  determination  of  next  heating  curve.  For  example,  curve  1, 
Fig.  A,  showed  the  difEerential  heating  curve  obtained  with  a  specimen 
of  steel  of  the  following  analysis : 


c. 

Mn. 

Si. 

Cr. 

W. 

V. 

Mo. 

0-67 

0-09 

003 

3-96 

17-72 

0-25 

0-64 

Curve  2,  Fig.  A,  showed  the  heating  curve  obtained  with  the  same  speci- 
men after  heating  to  1050°  C,  cooling  quickly  to  380**  C,  then  again 
determining  the  heating  curve.  He  found  that  all  the  high-speed  alloy 
steels  which  he  had  examined,  which  included  Fe-C-Cr,  Fe-C-Cr-Mo, 
and  Fe-C-Cr-W  aUoys,  both  with  and  without  vanadium,  gave  heating 
curves  which  were  very  easily  altered  by  the  variation  in  any  of  the 
three  factors  just  mentioned.  He  would  ask  the  authors  what  exactly 
were  the  previous  treatments  ?  What  were  the  highest  temperatures 
obtained,  the  rates  of  cooling  from  those  temperatures,  and  the  lowest 
temperatures  reached  before  determining  the  next  heating  curve  ? 
The  recalescence  curve  also  was  very  misleading,  and  could  not  very 
well  be  described  as  a  typical  cooling  curve  of  the  alloy  under  in- 
vestigation ;  it  was  no  doubt  typical  of  that  particular  alloy  when 
heated  to  that  particular  temperature  and  cooled  at  some  (unrecorded) 
velocity.  It  had  to  be  remembered,  however,  that  in  aU  such  alloy 
steels  the  position  and  also  the  number  of  recalescence  points  depended 
upon  initial  temperature  and  cooling  velocity.  What  evidence  had 
1919— i.  2  F 
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the  authors  in  their  possession  to  lead  them  to  assume  that  the  low 
point  at  408°  C.  corresponded  with  the  change  of  the  mixed  hardenites 
of  iion  and  chromium  to  their  mixed  pearlites  ? 

Referring  to  the  results  on  the  lathe,  he  (Mr.  Kayser)  thought 
too  nttle  stress  was  laid  upon  the  results  obtained,  which  clearly 
demonstrated  the  very  superior  cutting  qualities  of  a  tungstenless  steel. 
The  authors  mentioned  that  they  had  again  experienced  the  erratic 
behaviour  of  molybdenum.  Considering  that  they  had  apparently 
made  only  one  ingot  to  each  analysis  he  could  not  agree  that  they  were 
in  a  position  to  say  whether  the  alloys  were  erratic  in  their  behaviour 


a 


f 


or  not.  For  the  last  two  years  he  had  been  experimenting  with 
Cr-Mo-V-C  steels,  and  he  had  never  experienced  any  difficulty  in  getting 
results  from  tools  cut  from  one  bar,  which,  so  far  as  constancy  went, 
oompared  quite  favourably  with  ordinary  tungsten  high-speed  steel 
results,  but  he  found  that  the  erratic  behaviour  of  one  cast  compared 
to  another  was  so  great  as  to  eliminate  the  alloys  from  the  commercial 
market.  The  addition  of  substantial  percentages  of  cobalt,  however, . 
he  (Mr.  Kayser)  had  found  acted  as  a  complete  stabiliser  and  also 
improved  the  cutting  efficiency  in  a  remarkable  manner.  By  such 
means  molybdenum  high-speed  steels,  which  had  for  so  long  to  be 
kept  inside  the  laboratory,  could  now  be  marketed  as  super  high- 
speed steels. 

Referring  to  Dr.  Thompson's  remarks,  he  wished  to  ask  him  to 
define  the  term  "  thermal  stability."    Dr.  Thompson  was  of  course 
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aware  of  the  fact  that  what  was  commonly  called  *'  18  per  cent.  H.S/' 
was  improved  by  reheating  to  say  600°  C.  and  then  cooling,  and  also 
that  the  length  of  time  at  600°  C.  had  no  effect  upon  the  durability 
of  the  tool.  His  (Mr.  Eayser's)  experiments  had  shown  that  the 
cutting  efficiency  of  such  a  tool  was  almost  nil  if  put  to  work  at  the 
maximum  reheating  temperature  instead  of  being  allowed  to  cool  down. 
Probably  that  very  important  result  would  suggest  its  own  explanation 
to  Dr.  Thompson. 
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THE  CARBURISATION  OF  IRON  AT  LOW 
TEMPERATURES. 

By  ANDREW  McCANCE,  D.So.,  A.R.S.M.  (Glasgow). 

The  interest  which  has  been  taken  in  this  question  since  tho 
publication  of  Byrom's  paper,  "  Note  on  the  Carburisation  t»f 
Iron  at  Low  Teipperatures  ip  Blast-Furnace  Gases,"  ^  has  been 
due  in  no  small  measure  to  the  unexpectedness  of  the  results 
there  put  forward  for  the  first  time,  and  the  confirmation  of 
these  results  by  Stead.  With  the  object  of  elucidating  the 
theory  of  the  actions  taking  place'.  Carpenter  and  Smith  ^  have 
published  an  extensive  research  on  the  action  of  pure  CO  on 
electrolytic  iron,  but  their  results  only  emphasise  the  complexity 
of  the  interactions  without  explaining  them. 

The  object  of  this  short  note  is  to  show  how  an  insight  into 
the  reactions  taking  place  can  be  obtained  from  the  considera- 
tion of  the  variation  of  the  equilibrium  conditions  with  tem- 
perature. In  each  case  the  composition  of  the  gases  has  been 
calculated,  but  the  figures  have  been  checked  by  experimental 
results  where  these  are  available. 

To  begin  with,  pure  CO  tends  to  decompose  according  to  the 
reaction 

2C0«C+C0, (1) 

and  the  composition  of  the  mixed  gases  at  any  temperature  can  be 
ascertained  by  passing  CO,  over  carbon.  The  reverse  reaction, 
however,  is  very  difficult  to  bring  about  without  the  use  of 
catalysts.  Iron  is  one  of  these  catalysts,  and  when  pure  CO  is 
passed  over  iron  decomposition  starts  with  the  deposition  of 
carbon.  The  action  is  a  surface  action — it  is  only  the  gas  in 
contact  with  the  iron  which  is  decomposed,  but  convection 
and  circulation  cause  this  decomposed  gas  to  be  replaced  by 
fresh  gas,  and  so  the  average  content  of  COj  in  the  total  volume 

1  JowTuA  of  (U  Iron  and  Sted  InatUuU,  1915,  Na  II.  p.  100. 
>  Ibid,,  1918,  No.  n.  p.  139. 
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gradually  increases.  It  rises  slowly,  however,  as  the  following 
results  of  Carpenter  and  Smith  show : 

Time  (Hours).  Par  Gent.  CO.. 

0  0 
113                                     20-27 
138                                     36-67 
168                                      38-67 
235                                      41-07 

The  composition  of  the  gas  at  atmospheric  pressure  in 
equilibrium  with  carbon  can  be  ascertained  by  means  of  the 
equation  given  by  Carpenter  and  Smith  and  sUghtly  modified 
for  convenience,  where  x  is  the  proportion  of  CO 

log  -i^-  7-71  -  ^+  -0007  T 

1  — «  T 

and  curve  1,  Fig.  1,  gives  graphically  the  percentage  of  COj  plotted 

against  temperature.    At  650®  C.  it  will  be  seen  that  the  com- 

CO, 
position  of  the  gas  is  61-5  CO,  and  88-5  CO,  giving  a  ratio  -^ 

of  1-60.  Pure  CO  in  contact  with  iron  will  be  decomposed  until 
the  mixed  gases  have  this  composition  at  this  temperature,  and  it 
is  interesting  to  note  that  the  composition  of  the  gas  which  was 
drawn  off  last  in  Experiment  IX.  of  Carpenter  and  Smith  was 

GO 45-23 

OOg 45-78 

H 5-70 

N    . 2-83 

which  shows  how  the  gas  is  gradually  approaching  the  equilibrium 
ratio. 

As  the  gas  in  contact  with  the  iron  undergoes  this  slow  enrich- 
ment  with  COs  at  different  times^  depending  on  the  amount  of 
CO9  present,  other  reactions  are  possible  and  will  take  place 
within  the  Umits  of  composition  assigned  to  them.  By  drawing 
a  diagram  of  the  CO9  percentage  and  the  temperature  for  each 
reaction  the  chemical  changes  taking  place  can  be  very  readily 
seen.  This  diagram  is  given  in  Fig.  1.  Curve  1,  as  already 
explained,  gives  the  compositions  for  equation  (1). 

The  next  reaction  which  can  be  considered  is  the  formation 
of  oementite — 

3Fe  +  2C0  «  Fe,C  +00. (8) 

and  using  the  same  symbols  as  before,  the  equilibrium  constant  is 
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Sohenk  gives  the  value  of  ~  at  650°  as  31,600,  measuring  P  in 

millimetres,  and  this  has  been  used  to  calculate  the  composition 
at  any  temperature  from  the  equation — 

d 


-_.logK.-4. 


where  Q  is  the  heat  of  reaction.    The  results  for  equation  (2) 
are   given   by  curve  2,  and  they  show  that  at  650°  0.  a  gas 
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Curve  L— 2C0  -  00.  +  C.  Carvt  a— Fe  +  00«  -  FeO  +  00. 

„     2.— 3Fe  +  200  -  Fe,C  +  CX)«.  „     4.— 3FeO  +  SCO.  -  Fe«C  +  4C0, 


containing  2-8  per  cent.  COj  is  in  equilibrium  with  cementite 
and  iron.  The  proportion  increases  rapidly  as  the  temperature 
is  lowered,  and  at  576®  0.  it  is  roughly  19  per  cent.    If  less 
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than  the  eqmlibrium  percentage  be  present  at  any  temperature, 
then  cementite  will  be  formed,  while  if  more,  oementite  already 
formed  will  be  reduced  again.  The  percentage  varies  with  the 
pressure  as  well,  and  when  less  than  atmospheric  the  percentage 
is  also  reduced.  Under  normal  conditions  it  will  only  be  in  the 
very  early  stages  of  the  process  that  cementite  can  be  formed 
from  iron  direct  through  the  action  of  pure  CO. 

As  the  CO3  content  increases  a  stage  is  reached  when  the 
iron  is  oxidised  by  the  mixed  gases  according  to  the  reaction — 

F«  +  CO,  -  FoO  +  CO (3) 

which  is  independent  of  the  pressure.  This  reaction  has  been 
worked  out  by  Baur  and  Glassner,^  but  their  results  at  high 
temperatures  do  not  agree  with  one  another.  At  lower 
temperatures,  however,  they  agree  with  the  calculated  values, 
and  using  these  values,  curve  3  has  been  drawn,  and  from  this 
it  will  be  seen  that  at  650"",  if  the  gases  contain  more  than  42 
per  cent.  CO3,  then  the  iron  will  be  oxidised  to  FeO, 

Near  the  surface  of  a  piece  of  solid  iron  in  pure  CO  the 
COj  percentage  will  rise  rapidly  owing  to  reaction  (1),  and  the 
CO,  will  then  diflFuse  away  into  the  surrounding  gas,  but  if 
the  percentage  gets  over  that  required  by  equation  (8)  before  it 
diffuses,  then  ferrous  oxide  will  be  formed,  and  this  in  spile  of 
the  fact  that  the  average  composition  is  below  the  requisite 
amount. 

Ferrous  oxide  can  be  converted  directly  into  cementite  by 
the  action  of  CO,  however, 

8F«0  +  SCO  -  FotO  +  400. •  (4) 

and  the  composition  curve  for  the  mixed  gases  has  been  drawn 
in  curve  4  from  the  results  of  Schenk,  Semiller,  and  Falke.^ 

The  striking  result  shown  by  this  curve  is  that  above  550°  C. 
ferrous  oxide  is  more  easily  converted  into  carbide  than  pure 
iron.  At  650°,  for  instance,  pure  iron  can  only  be  converted 
into  cementite  when  less  than  2*8  per  cent,  of  CO,  is  present  in 
the  CO,  whereas  ferrous  oxide  can  be  converted  up  to  28  per 
cent.  CO,.  Under  normal  conditions,  when  the  iron  will  be 
exposed  to  the  action  of  air  in  the  gases  to  which  it  is  exposed, 

i  Z»L  physic  Ch«m.,  1003.  43.  p.  364. 
•  BeriehU,  1906,  p.  1704. 
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the  limits  for  the  formation  of  cementite  will  be  the  limits  in  the 
composition  of  the  gases  for  reaction  (4). 

In  the  experiments  of  Carpenter  and  Smith  the  iron  was  always 
pitted  as  if  by  oxidation,  while  in  many  cases  oxide  was  directly 
observed,  but  owing  to  the  fact  that  the  gases  in  contact  with 
the  iron  could  have  any  proportion  of  CO,  up  to  61-5,  the  limit 
of  COj  in  reaction  (1),  it  is  impossible  to  decide  from  their^experi- 
ments  what  is  the  upper  limit  for  the  production  of  cementite 
of  CO,  in  the  mixed  gases.  Under  the  conditions  of  their  experi- 
ments the  only  way  to  determine  this  would  be  to  start  with  a 
definite  mixture  of  CO,  and  CO  and  to  find  the  highest  content 
of  CO,  which  would  form  cementite,  and  the  lowest  content 
which  would  not.  The  mean  of  these  values  would  give  the 
approximate  equilibrium  value.  The  underlying  assumption, 
which  they  themselves  would  probably  admit,  is,  of  course,  that 
substance  x  which  they  found  in  the  iron  is  cementite. 

In  blast-furnace  gas  the  presence  of  free  air  assures  the  presence 

of  ferrous  oxide,  while  the  nitrogen  lowers  the  partial  pressure 

of  the  carbon  gases.    Thus,  although  the  equilibrium  value  of 

COg  for  reaction  (4)  is  28  per  cent,  under  atmospheric  pressure, 

when  the  gases  are  diluted  with  55  per  cent,  nitrogen  the  value  is 

reduced  to  20  per  cent.    In  the  original  report  of  Byrom,  the 

CO 
blast-furnace  gas  had  a  pQ  ,  pQ  ratio  of  from  18  to  17  per  cent., 

which  is  well  under  the  equilibrium  value.  Such  gases  would 
therefore  be  expected  to  carburise  iron  at  any  temperature 
below  about  660°  C,  while  below  about  500°  C.  the  rate  at  which 
the  actions  take  place  would  be  so  low  that  no  appreciable  effect 
could  be  observed. 

It  may  be  stated  in  passing  that  the  curve  given  in  Rg.  1 
can  be  easily  extended  to  higher  temperatures  so  as  to  include 
the  case-hardening  of  steel,  though  they  are  somewhat  altered, 
of  course,  by  the  fact  that  the  cementite  is  in  solution  in  the 
iron. 
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CORRESPONDENCE. 

Profesflor  H.  C.  H.  Cakfehtkb,  F^.S.,  and  Mr.  C.  Goldbon  Smith, 
M .8c.,  wrote  that  the  sabject  Dr.  McCance  had  brought  before  the 
Institate  was  of  great  interest,  and  its  continued  stad j  could  not  but 
ultimately  prove  of  practical  value  in  the  iron  and  steel  industry. 

The  author  had  referred  frequently  to  the  recent  paper  ^  by  the 
writers  on  the  subject.  They  r^retted,  therefore,  that  he  appeared 
to  have  misunderstood  the  piimary  object  of  their  experiments,  which 
was  essentially  to  investigate  and  if  possible  to  isolate  the  solid  phase 
or  phases  that  were  produced  by  the  reaction  between  carbon  monoxide 
and  pure  electrolytic  iron  below  the  Al  inversion.  In  such  an  in- 
vestigation the  reactions  that  took  place,  and  in  particular  any  theory 
that  provided  an  insight  into  those  reactions,  could  not  fail  to  interest 
and  be  of  great  assistance  to  researchers  in  that  field  of  knowledge. 

In  his  interesting  endeavour  to  elucidate  the  complexity  of  the 
reactions  between  iron  and  carbon  monoxide,  it  would  have  been  well 
if  Dr.  McCance  had  seen  fit  to  dwell  upon  some  of  the  difficulties  of 
the  problem.  He  stated  on  p.  437  that  in ''  the  reaction  2C0  =  C  +  CO, 
the  compontion  of  the  mixed  gases  at  any  temperature  can  be  ascertained 
by  passing  COs  over  carbon."  That  assertion  in  that  somewhat  bald 
form  was  misleading,  since  while  it  was  theoretically  true,  it  was  doubt- 
ful whether  it  had  been  achieved  in  practice. 

As  justifying  that  statement  it  nught  be  pointed  out  that  Rhead 
and  Wheeler  *  were  not  able  to  determine  the  composition  of  the  gases 
in  equilibrium  with  carbon  below  a  temperature  of  850°  C,  since  equiti- 
brium  could  not  be  obtained  within  a  reasonable  period  of  time.  In 
a  series  of  experiments  made  on  the  reduction  of  carbon  dioxide  by 
wood  charcoal  they  were  unable  to  obtain  a  disappearance  of  more 
than  0*7  per  cent,  of  this  gas  after  122  hours'  heating  at  700°  C.  On  the 
other  hand,  0.  Boudouiml,'  using  quite  another  method,  claims  to 
have  obtained  the  "  correct "  (as  calculated  from  the  Rhead  and 
Wheeler  equation)  equilibrium  percentage  of  carbon  dioxide  after 
heating  that  gas  for  twelve  hours  at  650°  C.  in  contact  with  wood 
charcoal.  The  statement  of  those  discrepancies  was  merely  intended 
to  put  the  problem  in  a  proper  perspective  and  to  emphasise  the 
difficulties  of  interpreting  the  experimental  evidence  available. 

In  speaking  of  tiie  reaction  which  occurred  by  passing ''  pure  "  carbon 
monoxide  over  iron  it  was  difficult  to  understand  why  Dr.  McCance 
had  chosen  for  illustration  (p.  438)  one  of  the  writers'  experiments  in 
which  a  composite  gas  was  employed,  and  the  writers  would  like  to 

1  Joumai  of  au  Iron  and  8ted  InaiihiU,  1918,  Na  II.  p.  139. 
s  TrunrnMetioM  of  A«  Okemieal  Society,  1910,  roL  97,  p.  2188. 
t  ^nii.  CftM.  PAyt..  1910  [▼&],  zxir.  0. 
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inquire  how  the  figures  he  gave  for  the  percentage  of  carbon  dioxide 
were  obtained  from  their  results. 

Exception  must  be  taken  to  the  statement  on  p.  438  that "  pure  CO 
in  contact  with  iron  will  be  decomposed  until  the  mixed  gases  have  this 
composition  (viz.  61'5  per  cent.  CO,)  at  this  temperature  (viz.  650%C.)." 
That  could  only  be  true  so  long  as  the  iron  acted  catalytically,  for  as 
soon  as  other  solid  phases,  lik«>  FeO,  made  their  appearance,  the  amount 
of  carbon  dioxide  in  equilibrium  with  all  the  phases  present  was  likely 
to  diminish.  Moreover  the  solid  phases  produced  were  deposited  on  the 
iron  and  so  prevented  access  of  the  gas,  thereby  checking  the  catalytic 
effect  and  hence  retarding  the  establishment  of  an  equilibrium  which 
(assuming  it  to  take  place  without  modification  by  other  phases)  was 
very  slow  of  attainment.  Where  other  metals  were  used  that  merely 
function  as  catalysts,  e,g,  cobalt,  the  equilibrium  2C0  ->  COi  +  G 
appeared  to  be  fairly  readily  attained.^  0.  Boudouard  found  that 
carbon  monoxide  in  the  presence  of  cobalt  at  a  temperature  of  650^  C. 
yielded  61  per  cent.  CO,  after  seven  hours'  heating.  A  further  possi- 
bility had  also  to  be  considered.  With  the  production  of  carbon 
dioxide  by  the  dissociation  of  carbon  monoxide,  oxidation  of  the 
iron  might  set  in  and  remove  the  dioxide  almost  as  rapidly  as  it  was 
formed  (until  the  final  pressure  was  only  a  fraction  of  the  initial 
pressure),  and  that  might  not  necessarily  correspond  to  any  equi- 
librium value. 

The  writers  regretted  that  Dr.  McCance  discussed  so  briefly  the 
application  of  the  van't  Ho£E  equation  to  the  equilibrium  3Fe  -f  2C0 
5^  Fe,C  +  CO,.  They  were  anxious  to  know  if  the  heat  of  formation 
of  the  triferrous  carbide  or  the  above  heat  of  reaction  had  been  de- « 
termined  with  sufficient  accuracy  to  warrant  its  use  quantitatively  or 
even  qualitatively.  It  must  also  be  borne  in  mind  that  the  value  of 
the  equilibrium  constant  (K)  had  not  been  determined  directly.  In 
addition  the  author  had  not  pointed  out  in  applying  the  ''  principle 
of  mobile  equilibrium  "  whether  the  reaction  under  discussion  was 
to  be  taken  as  being  carried  out  at  constant  volume  or  at  constant 
pressure.  Both  problems  ought  to  be  considered,  as  the  writers'  ex- 
periments showed  what  great  differences  were  obtained  in  the  two 
cases.  In  fact  they  were  of  the  opinion  that  the  present  state  of 
knowledge  relating  to  the  problem  under  discussion  was  not  sufficient 
to  enable  any  certain  prediction  to  be  made  of  the  course  that  reactions 
between  carbon  monoxide  and  iron  would  take.  As  an  instance  of 
that,  the  diagram  put  f  oward  by  the  author  did  not  (and  it  was  difficult 
to  imagine  at  present  how  any  diagram  could)  take  into  consideration 
the  amount  of  iron  relative  to  the  volume  of  the  reaction  vessel  in  which 
the  gas  undergoing  decomposition  was  contained.  Schenck  and 
Falcke  had  also  asserted  the  importance  of  that  iron/gas  volume  ratio, 

They  (the  writers)  noted  Dr.  McCance's  assumption  in  all  his 
arguments  that  the  carbide  produced  in  the  above  reaction  was  FcsC. 

>  Ami.  CJUm.  PKjf,,  1010  [vii.],  zxir.  5. 
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The  composition  of  that  carbide  had  not  jet  been  detennined.  The 
writers  hoped  to  attempt  that  before  long.  It  was  interesting  to  note 
that  R.  Schenck^  had  put  forward  some  evidence  in  favour  of  the 
f ormulse  FCfC  or  Fe,,G  for  the  carbide  produced  below  the  Al  inversion, 
and  he  quoted  in  support  the  analogous  manganese  carbide  (Mn^C  or 
MufC).  He  emphasised  also  the  desirability  of  isolating  the  carbide 
for  the  purpose  of  analysis. 

On  p.  440  Dr.  McCance  (in  agreement  with  Schenck)  drew  the  inference 
from  his  diagram  that  ferrous  oxide  was  more  easily  converted  into 
carbide  than  pure  iron  at  a  temperature  of  650^  C.  There  was  strong 
support  in  favour  of  that,  and  it  was  unfortimate  that  ferrous  oxide 
offered  such  little  advantage  as  a  starting  point  for  the  isolation  of  the 
carbide  by  reason  of  the  difficulties  in  preparing  the  former  and  in 
separating  the  latter  from  a  powder  that  was  likely  to  contain,  in 
addition,  metallic  iron,  carbon,  and  iron  oxide. 

Dr.  McCance  had  made  some  suggestions  on  p.  441  for  experimenting 
with  mixtures  of  carbon  monoxide  and  dioxide.  Any  experiments 
with  gas  mixtures  would  require  very  rigid  conditions  of  control  as 
so  many  variables  were  present.  The  results  that  might  be  obtained 
by  the  passage  of  those  gas  mixtures  over  iron  would  be  difficult  of 
interpretation,  as  it  was  possible  to  have  the  gas  in  the  reaction  vessel 
of  very  variable  composition  according  to  its  position,  for  example,  that 
in  the  immediate  neighbourhood  of  the  iron  could  be  and  usually  was 
different  in  composition  from  that  in  a  more  remote  part  of  the  vessel. 

Mr.  J.  E.  Fletcher  (Dudley)  wrote  that  the  curve  4  in  Fig.  1  was 
of  very  great  interest  in  a  number  of  metallurgical  processes.  Dr. 
McCance  referred  to  the  work  of  Schenck,  Semiller,  and  Falcke  as  his 
authorities  for  bringing  forward  that  curve.  It  would  be  of  interest  to 
learn  whether  any  British  metallurgist  had  checked  the  results.  Perhaps 
Dr.  McCance  himself  had  confirmed  them. 

In  the  reheating  of  iron  piles  in  the  gas  furnace  the  hard  spots 
occasionally  found  in  the  roUed  bars  had  been  attributed  by  some 
to  the  carburising  atmosphere  which,  under  certain  conditions,  could 
contain  a  high  percentage  of  carbon  monoxide. 

If  the  curve  4  in  Fig.  1  was  correct,  then  such  carburising  of  oxidised 
iron  was  impossible  at,  say,  1200**  C,  for  by  extending  the  curve  to  the 
higher  temperatures  the  CO  content  of  the  furnace  gas  would  have 
to  be  at  least  97  per  cent.,  a  practical  impossibility  in  a  furnace  which 
could  not  be  perfectly  sealed. 

The  fact  that  above  560°  C.  ferrous  oxide  was  more  easily  converted 
into  carbide  than  pure  iron  was  important,  and  might  account  for  the 
hard  surface  patches  which  occurred  in  iron  sheets  whose  surfaces 
were  more  or  less  oxidised  when  charged  into  gas  furnaces  wherein 
the  working  temperatures  were  in  the  neighbourhood  of  700°  C.  and 
the  gases  i^^ed  were  of  a  reducing  character.    Such  hardness  in  both 

i  Z9UteMft  fUtr  Eleklroeh^mU,  Bd.  24.  Aug.  1, 1916. 
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bars  and  plates  rolled  from  piled  iron  had  been  difficult  to  explain. 
Previously  it  had  been  usual  to  associate  the  presence  of  surface 
oxide  with  softening  rather  than  with  hardening.  Dr.  McCance  had 
again  done  the  Institute  good  service  by  bringing  forward  theoretical 
explanations,  deduced  from  experimental  evidence,  for  phenomena 
met  with  in  works  practice  and  otherwise  inexplicable.  The  graphs 
of  the  equilibria  of  the  possible  carburising  reactions  would  be  found 
of  great  value  in  such  cases  as  concerned  the  heating  of  iron  and  mild 
steel  in  reducing  atmospheres  at  comparatively  low  temperatures. 

A  more  thorough  understanding  of  the  laws  of  physical  chemistry 
was  becoming  a  necessity  for  the  practical  metallurgist  of  the  future, 
and  thanks  were  due  to  Dr.  McCance  for  his  endeavours  to  weld  to- 
gether the  theoretical  and  the  practical^  as  again  evidenced  in  his  paper. 

Dr.  McCance  (Glasgow)  wrote  that  his  desire  to  condense  his  short 
note  had  perhaps  led  him  to  use  language  which  was  not  altogether 
free  from  ambiguity,  but  he  did  not  think  that  anyone  would  be  misled 
by  that  to  any  extent.  His  note  was  concerned  with  the  principles 
of  the  reactions  which  took  place  in  low  temperature  carburising, 
and  the  manner  of  carrying  out  confirmatory  experiments  was  in  no 
manner  considered,  so  that  bearing  that  in. mind  he  thought  that 
the  criticism  of  Professor  Carpenter  and  Mr.  Smith  as  to  the  difficulties 
of  the  experimental  problem — difficulties  which  he  freely  admitted — 
hardly  needed  to  be  further  discussed. 

They  asked,  however,  how  the  percentage  of  COj  given  on  page  438 
was  obtained  from  their  results.  It  was  copied  from  p.  179  of  their 
paper  because  the  reason  that  that  experiment  was  used  was  that  it 
was  the  only  experiment  in  which  the  gases  which  came  oS.  last  were 
separately  collected  and  analysed.  The  result,  it  was  thought,  would 
illustrate  the  tendency  of  the  COt  to  increase  in  the  neighbourhood  of 
the  specimen,  but  it  was  not  meant  to  give  the  correct  quantitative 
relation  theoretically  demanded.  In  a  similar  way  the  statement  to 
which  exception  was  taken  was,  he  thought,  sufficiently  covered  by 
the  previous  paragraph  in  which  the  iron  was  being  assumed  to  act 
purely  catalytically.  »' 

The  curves  given  in  Fig.  1  were  all  for  atmospheric  pressure,  so 
that  when  the  principle  of  mobile  equilibrium  was  applied  it  would  of 
course  refer  to  constant  pressure  conditions. 

The  results  of  those  equilibrium  reactions  could  be  checked  among 
themselves  in  a  very  simple  manner,  and  he  (Dr.  McCance)  had  done 
so,  and  was  convinced  that  the  curves  as  given  were  substantially 
correct,  although  they  were  drawn  to  lie  evenly  among  the  experi- 
mental points.  Theoretical  calculation  showed  also  that  curves  (1)  and 
(3)  were  accurate,  and  that  the  other  curves  could  be  deduced  from 
those  two  without  other  experimental  results.  Taking  every  con- 
sideration into  account  therefore,  the  curves  were  sufficiently  accurate 
to  justify  the  conclusions  drawn,  and  more  accurate  determinations 
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would  only  alter  the  position  of  the  lines  to  a  minor  extent.  It  would 
be  of  great  interest,  however,  to  have  those  relations  revaluated,  for  the 
reactions  were  fundamental  in  the  metallurgy  of  iron,  and  he  had  been 
drawn  to  the  study  of  them  through  his  investigations  on  open  hearth 
practice. 

He  did  not  understand  their  reference  to  the  *'iron/gas  volume  ratio." 
Under  equilibrium  conditions  such  as  he  had  dealt  with  the  relative 
volumes  of  the  reactants  did  not  enter  at  all  into  the  result,  and  he  could 
only  assume  that  they  had  in  mind  their  own  experiments  in  which 
the  conditions  precluded  any  attempt  at  equilibrium,  and  consequently 
in  which  the  relative  volumes  of  the  iron  and  the  gas  would  influence 
the  final  result. 

In  reply  to  Mr.  Fletcher's  question  it  was  to  be  regretted  that  no 
British  metallurgist  had  checked  the  results  of  the  German  investigators 
of  those  reactions  experimentally.  There  were  other  ways  of  checking 
them,  however,  amongst  themselves,  and  when  that  was  done  it  showed 
that  in  some  cases  there  was  a  great  need  for  revision.  That  was 
especially  so  in  those  reactions  where  solid  carbon  was  one  of  the 
components  such  as  FeO-C  and  FejOA-C. 

Mr.  Fletcher's  remarks  on  hard  spots  in  iron  piles  were  interesting, 
and  he  (Dr.  McCance)  regretted  that  he  had  no  experience  of  that 
trouble  and  so  was  unable  to  oSer  any  opinion. 

Enormous  strides  had  been  made  in  recent  years  in  the  extension 
of  physical-chemical  laws,  and  already  with  insufficient  data  the 
course  of  many  reactions  could  be  calculated  with  a  fair  degree  of 
correctness.  Time  only  was  necessary  to  determine  more  accurate 
data,  which  would  then  be  sufficient  to  predict  d  priori  the  exact  course 
of  many  high  temperature  reactions  without  recourse  to  experiment. 
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NOTE  ON  THE  LIQUIDUS  IN  THE  IRON- 
CARBON  DIAGRAM 

BASED  ON  A  DEDUCTION  FROM  THE  EXPERIMENTS  BY 
CARPENTER  AND  KEELING. 

Bt  G.  GESArO  (Ldfcoa  Univxbsxty). 

PART   I. 

The  author  has  endeavoured  to  ascertain  the  course  of  the  curve 
joining  the  points  at  which  molten  iron-carbon  alloys  commence 
to  soUdify,  if,  instead  of  taking  as  abscissas  the  proportions,  by 
weight,  of  carbon  contained  in  the  alloy,  the  abscissae  were  taken 
as  either  x,  the  number  of  atoms  contained  in  a  unit  of  the  alloy 
composed  of  100  atoms,  or  as  t/,  the  number  of  molecules  of  cemen- 
tite  (FcjC)  contained  in  a  particle  of  the  alloy  composed  of  100 
molecules,  and  assuming  the  iron  molecule  to  .contain  two  atoms. 

Plate  XXVI.  shows  that  the  curve  relating  to  t/approaches  more 
closely  to  a  straight  Une  than  the  curve  relating  to  x,  which, 
assuming  Baoult's  law  to  be  applicable  to  the  case  under 
examination,  appears  to  support  the  hypothesis  that  the  molten 
iron-carbons  are  composed  of  iron  +  cementite  and  not  iron  + 
carbon.    The  two  lines  are  simply  plotted  as  follows : 

The  y  Curve. — If  c  be  the  weight  of  carbon  contained  in  a 
mass,  100,  of  the  alloy,  the  latter  will  be  composed,  by  weight,  of : 

Oementite  .         .      16  e 

Free  iron  .        .        .     100  -  16  6 

The  molecular  composition  will  be  obtained  by  dividing  these 
weights  by  the  molecular  weights  of  cementite  (180)  and  of  iron 
(112)  respectively — assuming  the  Fe  molecule  to  contain  two 
atoms.    On  simpUfying  we  have  : 

Oementito  ...  ^ 

MoleoaUtr  oompodtion  i  IQO— 16  c 

I  Stm  iroD    ...  OQ 

SO  that,  on  ^  total  number  of  5  +  — jtq —  molecules  the  alloy 
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will  contain  ^  molecules  of  cementite.    Prom  this  it  may  be  con- 

eluded  that  the  number  y  of  cementite  molecules  contained  in 
100  molecules  of  the  alloy  is 

2800  c 
S'"  360-17  c ^^' 

On  taking  tjie  values  of  y  as  abscissee  and  the  values  of  T  as  ordi- 
nates  the  curve  shown  in  Plate  XXVI.  is  obtained. 

The  X  Curve. — It  will  be  found  similarly  on  the  iron-carbon 
hypothesis  that  the  number  x  of  atoms  of  carbon  contained  in  a 
unit  of  100  atoms  is : 

1400  c 


300+  lie 


(B) 


Variation  of  T  mth  c. — If  the  variation  be  assumed  to  be  recti- 
linear on  both  hypotheses,  and  the  line  be  determined  by  the 
observations  made  by  Carpenter  and  Keeling,^ 


c  -  012        T  »  ISOi"" 
c-4-37        T-1136' 

which  give,  respectively  : — 

s-    0S68         y-    1*128' 
a;«  17-677         sf«M-211 

we  obtain,  on  the  iron-carbon  hypothesis, 

T«  -  151606688  -•  21*62289  x, 

and,  on  the  iron-oementite  hypothesis, 

Ty  -  1611-81908  -  6-93264  y. 

The  latter  line  is  that  which,  in  the  drawing,  connects  the  point 
A  with  the  point  B.  These  formulsB  will  give  the  initial  tempera- 
ture of  solidification  in  terms  of  c,  on  substituting  the  values  (B) 
and  (A)  for  x  and  y.  It  is  easier,  however,  for  the  purposes  of 
numerical  calculation^  to  calculate,  to  begin  with,  the  valency  of 
X  and  of  y  for  each  value  of  c,  and  then  to  replace  them  in  T. 
and  Ty.  The  following  table  was  obtained  by  these  means  and 
also  served  to  plot  the  two  curves,* 

I  Journal  of  th$  Iron  and  Sted  InttUuU,  1904,  No.  I.  p.  224. 

fiO  V 
*  Between  x  and  y  the  relationship  is  x  ""lAA^r—  which  also  seires  to  pass  from  one 

cnrre  to  anotheri 
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e. 

X. 

y- 

T,. 

Ty. 

(C*£) 

T-T,. 

T-Ty. 

Percent 
0-12 

Percent. 
0-668 

PerOent. 
112S 

Degrees. 
1604 

Degrees. 
1604-0 

Degrees. 
1604 

Degr««. 

Degrees. 

016 

0-742 

1-607 

1601-4 

1600-0 

1498 

-2-0 

-3-4 

017 

0-788 

1-602 

1499-0 

1600-7 

1497 

-2-0 

-3-7 

0-24 

1-110 

2-271 

14921 

1496-1 

1492 

-01 

-4-1 

0-38 

1-749 

3-626 

1478-2 

1486-7 

1479 

0-8 

-7-7 

0-47 

2166 

4-607 

1469-4 

1480-6 

1482 

12-6 

1-4 

0-53 

2-426 

6-100 

1463-6 

1476-6 

1473 

9-4 

-3-6 

0-61 

2-784 

6-897 

1466-9 

1470-9 

1469 

13-1 

-1-9 

0-80 

3-627 

7-821 

1437-6 

1467-6 

1467 

19-4 

-0-6 

0-80 

3-627 

7-821 

1437-6 

1467-6 

1464 

16-4 

-3-6 

0-81 

3-671 

7-924  - 

1436-7 

1466-9 

1460 

23-3 

3-1 

0*93 

4-197 

9-163 

1426-3 

1448-3 

1443 

17-7 

-6-3 

1-31 

6-833 

13-207 

1389-9 

1420-3 

1426 

36-1 

6-7 

1-61 

6-677 

16-412 

1371-7 

1406-0 

1406 

34-3 

10 

1-69 

7-426 

17-444 

1366-6 

1390-9 

1388 

82-6 

-2-9 

1-81 

7*921 

18-824 

1344-8 

1381-3 

1383 

38-2 

1-7 

1-86 

8-086 

19-289 

1341-2 

1378-1 

1383 

41-8 

4-9 

1-97 

8-674 

20-697 

1330-7 

1368-3 

1367 

86-3 

-  1-8 

2-12 

9188 

22-488 

1317-4 

1366-9 

1360 

32-6 

-6-9 

2-21 

9-640 

23-680 

1309-8 

1348-3 

1364 

44-2 

6-7 

2*25 

9-700 

24-069 

1306-3 

1344-9 

1362 

46-7 

71 

2*26 

9-700 

24-069 

1306-3 

1344-9  * 

1348 

41-7 

3-1 

2-47 

10-669 

26-806 

1287-6 

1326-0 

1330 

42-6 

4-0 

2-83 

11-194 

28-846 

1274-0 

1311-8 

1306 

31-0 

-6-8 

2-67 

11-349 

29-363 

1270-7 

1308-2 

1306 

36-8 

-2-2 

2-74 

11-619 

30-274 

1264-8 

1301-9 

1300 

86-2 

-1-9 

2-86 

12-042 

31-723 

1266-7 

1291-9 

1292 

36-3 

0-1 

3-03 

12-726 

34-142 

1240-9 

12761 

1277 

861 

1-9 

3-29 

13-701 

37-748 

•*• 

••• 

••• 

••• 

••■ 

3*42 

14182 

39-698 

1209-4 

1237-3 

1238 

28-6 

0-7 

3-61 

14-612 

40-894 

1202-8 

1228-3 

1280 

27-7 

1-7 

3-87 

16-816 

46-266 

1174-1 

1191-1 

1190 

16-9 

-1-1 

3-98 

16-208 

47-964 

1166-6 

1179-3 

1171 

6-4 

-8-3 

4-37 

17-677 

64-211 

1136 

1136 

1136 

... 

... 

This  table  shows  that  the  difference  T  ■—  Ty  between  the  tem- 
perature as  measured,  and  that  calculated  on  the  hypothesis 
FejC  —  Fe,  (assuming  the  variation  to  be  rectilinear),  never  reaches 
10°,  an  amount  which  is  within  the  limits  of  experimental  error. 
The  following  are  the  scales  adopted  in  the  curves  as  originally 
plotted : 

T r  -  i  mmimetze. 

» -j^  aton  of  carbon  in  100  atoms  ■■  \  miUimetre. 

y ^  moleoale  of  oementite  in  100  moleonles  —  \  millimetre. 

It  may  be  objected  to  the  interpretation  given  above  that 
Baoult's  law  (which  leads  to  a  straight  line)  cannot  be  applied 
except  to : 

1.  Dilute  solutions. 

2.  Alloys  not  forming  mixed  crystals  on  commencing  to  solidify. 
Now,  eutectic  iron  contains  64   per  cent,  of   molecules  of 

1919— i.  2  G 
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cementite,  and  besides,  up  to  at  least  1*8  per  cent,  of  carbon,  it  de- 
posits mixed  crystals  from  the  conmiencement  of  the  solidification 
of  ferro-carbons.  In  view  of  this  difficulty  the  author  sought  to 
compare  the  two  hypotheses  by  applying,  to  the  figures  given  by 
Carpenter  and  Keeling,  a  more  general  law,  expressed  by  the  Le 
ChateUer-Schroeder  formula : 

In  this  formula  T  is  the  absolute  temperature  {T°  Centigrade  + 
278'')  and  z  the  number  of  molecules  of  the  solvent  (7-iron  for  the 
branch  under  consideration)  contained  in  a  particle  of  alloy 
forming,  altogether,  a  single  molecule  :  that  is  to  say  that,  taking 
as  above,  on  the  cementite-iron  hypothesis,  y  as  the  number  of 
molecules  contained  in  100  molecules  of  the  alloy,  we  have : 

*     *     100 
and  similarly,  on  the  iron-carbon  hypothesis : 

,  - 1  -  *  .1 

100 

We  may  also  set  out,  as  direct  functions  of  c : 

20-  c 
s  —  15  Aqq_  .;,    in  tlie  iroo-oomentite  hypothesis, 

snd  s  —  3  oQQ  ■  ij—  Jn  *ha  iron-carb<m  hjpothesis. 

Formula  (C)  may  be  written : 

l^-^-Alpg.  .        .        .        .    (D) 

A  being  a  constant  containing  the  modulus  of  ordinarily  used 
logarithms. 

In  this  formula  there  are  two  constants  to  be  determined,  T^ 
and  A,  which  can  be  calculated  by  the  help  of  the  figures  obtained 
by  Carpenter  and  Keeling  in  two  experiments  : 

Ci  «  012   T,  -  1604*  +  273'  -  1777' 
c.  -  4-37   T,  -  1136''  +  273»  -  1409* 

Determination  of  T^  and  A  in  the  FejO  —  Fe,  hypothesis. — 
Proceeding  from : 

2455  10335 

«i  "  2483        *■  "  22571 

^  These  f onnolaB  tUow  of  the  Tslaes  of  t  being  deduced  from  those  of  g  and  y  shown  in  tbe 
foregoing  table.  Thus,  for  e  -  8*51  there  will  be  found  y  —  40-894,  from  which  can  be  dndncted 
c  -  0-501. 
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^he  following  results  are  obtained : 

1^  _  1 

A  -  ?! II  -  0000439636 

To h — .  1783-87'(T«  Oeatignde.  lS10°-«) 

Detenninati(m  of  T^  and  A  ontheFe  —  C  hypofhem. — ^From 

8497  28689 

**"2511        *■"■  34087 

it  results  (using  the  same  formulse) : 

A  -  0-00180280 
To  -  1700-93<*  (To  Centignde  »  16ir-9) 

It  will  again  be  seen  that  the  difference  between  T^  as  calcu- 
lated, and  the  figure  1505^  obtained  by  Carpenter,  is  within  the 
limits  of  experimental  error  on  the  iron-cementite  hypothesis,  but 
that  this  is  not  so  in  the  case  of  the  value  of  T^  obtained  on  the 
iron-carbon  hypothesis. 

The  discrepancy  between  the  observed  numbers  and  those 
obtained  by  the  Le  Chatelier-Schroeder  formula  are  even  more 
strongly  marked  so  far  as  intermediate  values  are  concerned. 
If  the  Pe  -  C  constitution  be  accepted  we  can  deduce  from 
(D): 


T- 


1+ATo  log^- 

a  formula  which,  applied  to  a  certain  number  of  experiments, 
gives  the  table  on  page  6. 

ConclvMons. — On  examining  the  two  tables  given  the  follow- 
ing conclusions  may  be  drawn  * 

1.  AVhether  Eaoult's  law  or  Le  Chatelier's  formula  be  adopted 
the  calculated  figures  agree  better  with  the  results  obtained  on 
measurements,  in  the  case  of  the  iron-cementite  hypothesis,  than 
in  that  of  the  iron-carbon  hypothesis. 

2,  The  results  which  agree  best  are  obtained  by  the  assump- 
tion of  a  rectilinear  variation,  which  is  afforded  by  the  Pe|C  — 
Pej  hypothesis. 
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Table  II. 


e. 

Iron-Carbon. 

Iron  Oementite. 

T««. 

T-Tar 

Ty-T 

1 

i 

T^' 

1 

s 

Ty. 

Per  Gent 
0-63 

0-80 
0-93 
1-61 
1-97 
2-63 
3-03 
3-61 
3-98 

3068-3 

29841. 

3088 

2976 

3102-3 

2972-1 

31661    • 

2954^7 

3216-7 

2940-9 

3289-3 

29211 

3333-3 

2909-1 

3386-1 

2894-7 

3437-8 

2880-6 

Degrees. 
1468-4 

1429-7 

1416-4 

1369-7 

1317-9 

1262-3 

1230-9 

11961 

11621 

2909-9 
2761-6 
286-4 
264 
2841-9 
2581-6 
2743-3 
2320-6 
26661 
2il3-~6 
2662-9 
1816-6 
2484-9 
1636-6 
2403-3 
1420-6 
2323-4 
1209 

Degrees. 
1479-6 

1462-7 

1464-3 

1414-7 

1380-3 

1326-6 

1288-7 

1239-9 

1186-2 

Degrees. 
1473-0 

1466-6 

1443 

1406 

1367 

1306 

1277 

1230 

1171 

D^;rees. 
14-6 

26-8 
26-6 
46-3 
49-1 
42-7 
46-1 
34-9 

8-9 

Degrees* 
6-6 

7-2 

11-3 

8-7 
13-3 
20-6 
11-7 

9-9 
16-2 

PART   II. 

Why  should  it  have  been  assumed  that  the  iron  molecule 
contained  two  atoms  ?  The  author  has  adopted  this  hypothesis 
in  order,  in  the  first  instance,  to  obtain  in  the  eutectic  a  number 
of  molecules  of  solvent  practically  equal  to  the  number  of  mole- 
cules of  the  dissolved  body,  and  because,  on  the  hypotheses 
FesC  —  Fe,  ¥efi  —  Fe„  Fe,C  — Fe,,  it  will  be  found  that  the 
eutectic  contains  87,  54,  and  64  per  cent,  of  cementite  molecules 
respectively.  When  he  had  found,  on  the  second  hypothesis, 
so  striking  a  degree  of  rectilinearity ,  he  sought  to  ascertain  whether 
it  would  be  possible,  on  the  other  hypotheses,  likewise  to  obtain 
a  similar  rectilinearity.  Theoretically  this  would  not  be  possible, 
for  it  is  easy  to  see  that  if  a  certain  value  of  m  gives  a  rectilinear 
variation  for  the  system  Fe^C  —  Fe„„  any  other  value  of  m  would 
give  a  hyperboUc  variation,  but,  as  only  an  approximate  recti- 
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linearity  was  involved,  he  assumed  that  this  argument  had  not 
sufficient  weight,  and  he  plotted  curves  for  different  values  of  m. 
For  m  =  1  and  m  =  8,  there  would  be  in  regard  to  the  number  of 
molecules  of  cementite  per  cent.,  respectively, 

y,-_J-*_?9l_    and     y..  ^^ 


300  -  31c  '       100  -  c 

formulas  by  the  help  of  which  he  plotted  curves  analogous  to 
those  shown  in  the  figure,  and  corresponding  with  m  =  2.  The 
result  was  that  the  curve  for  yi  was  wholly  below  the  chord 
joining  the  extreme  points  c  =  0-12,  T  =  1504^ ;  c  =  4-87, 
T  =  1186°,  whereas  the  curve  for  j/j,  after  oscillating  about  this 
chord  for  minute  values  of  c,  passes  above  it  for  c  =  0*58  and 
persists  so  up  to  c  =  4*87.  The  curve  corresponding  with  m  =  1 
thus  presents  its  concavity  to  the  upper  part  of  the  figure, 
whereas  that  corresponding  with  m  =  8  has  its  convexity  upper- 
most. As  regards  the  line  corresponding  with  m  =  2,  it  can  be 
seen,  on  inspecting  the  figure,  that  it  oscillates  above  and  below 
its  chord  AB,  while  still  remaining  very  near  to  the  latter.  For 
intermediate  values  of  m,  starting  from  m  =  1,  the  curves  would 
be  less  and  less  concave  as  the  value  of  m  approximated  towards 
2,  and  then  would  become  more  and  more  convex  in  proportion 
as  m  became  farther  from  2  and  nearer  to  8.  It  would  appear, 
therefore,  that  m  =  2  (or  a  value  very  closely  approximating 
thereto,  if  fractional  values  be  admissible),  which  represents  the 
value  at  which  the  liquidvs  becomes  a  straight  line  if  the  observa- 
tions were  capable  of  being  made  with  mathematical  accuracy. 

The  divergences  between  the  observed  and  the  calculated 
temperatures,  on  assuming  rectilinear  variation  on  the  hypotheses 
m  =  1  and  m  =  8,  are  considerable.  The  respective  temperature 
is  given  by 

Ti  =.  1609-698  -  100497yi  Ac. 
T,=  1614194-   6-9076y,. 

A  few  values  only  need  be  given : 


c. 

T,. 

T,. 

T,». 

T.-T^. 

T«-T, 

1-86 

1402°-4 

1368° 

1383° 

19''-4 

26° 

226 

1372°-2 

1323<'6 

1360* 

22°-2 

26°-4 

It  will  be  seen  that  the  differences  are  reversed  owing  to 
what  has  been  said  above  relative  to  the  directions  of  convexity 
of  the  two  curves;  thus,  for  c=  1'85  the  error  varies  from 
— 19°*4  and  becomes  4°'9  when  m  =  2,  while  for  c  =  2*25  the 
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error  varies  from  —  22°*2  to  +  26°'4  and  becomes  5^*1  when 
m=  2. 

Direct  Calirulations  of  the  Value  of  m  giving  a  Rectilinear 
Variation. — It  is  possible  directly  to  calculate  the  value  of  m 
giving  rectilinearity  as  follows  : 

Let  w  be  an  unknown  quantity  in  the  expression  FegC  —  Fe^ 
the  number  y^  of  molecules  of  cementite  per  cent,  is  given  by 

1400mc 
*^""300+(14«-46)c' 

The  extreme  values 

e'  -  012       r  -  ie04'» 
c'=-4-37        T'-1136'» 

correspond  respectively  with 

.  1400m        .    ,      -  1400m 


14m -I- 2465  '  "       14m+23-65' 

Equating  for  the  straight  line  connecting  the  points 
and  substituting  for  y^  the  value  given  above  we  have 

14m  +  23-65      _  0;243135    1504 -T 
14mc+ 15(20 -3c)"       92        •c-.012* 

Seducing  the  right-hand  expression  which  is  independent  of  m, 
we  get 

1604  —  T 
t- 000264277 --^^^rfg         •  •     («)         . 

and  solving  the  equation  in  respect  of  m,  we  have  : 

15l:(20-3c)-23»65 
*" 14(1 +  fc) •  •      ^^' 

The  formulae  a  and  fi  allow  of  a  value  being  ascribed  to  m, 
which  is  such  that  the  characteristic  point  in  the  experiment  shall, 
for  each  experiment  conditioned  by  c  and  T,  be  situated  along  the 
straight  line  which  joins  the  extreme  points.^    Thus  for  : 

c  -  0-8.  T  -  l466*'-5. 

we  get 

h  -  0-18849  and  m  «  2196 ; 

and  similarly,  if  c  =  2-25,  and  T  =  1350°,  we  get  k  =  0-19107 
and  m=  1'795. 

Bepeating  this  calculation  for  the  different  experiments  carried 
out  by  Carpenter  and  Keeling,  it  will  be  seen  that  the  whole 
number  which  best  corresponds  is  m  =  2. 

1  It  ■honkl,  of  ooiine,  be  undeittood  that  the  posittone  of  these  extreme  pointt  an» 
likewise  unknown,  and  will  depend  on  the  yalae  for  m  which  ii  to  be  obtained. 
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Is  it  possible,  in  the  iron-carbon  hypothesis,  to  obtain  a  rectili- 
near variation  on  the  assumption  that  one  of  the  constituents  con- 
tains several  atoms  in  its  molecule  ?  In  the  iron-carbon  theory  we 
find  a  non-rectilinear  variation  on  assuming  that  the  molecules  of 
the  two  constituents  are  composed  of  a  single  atom,^  but  the  ques- 
tion might  still  be  asked  :  Wodd  it  not  be  possible  to  obtain  recti-^ 
linearity  by  assuming  that  the  molecule  of  one  of  the  constituents 
— ^iron,  for  example — ^was  composed  of  several  atoms  ? 

In  other  words,  cannot  the  system  Fe,^  —  C  give  a  rectilinear 
variation  from  any  suitably  chosen  value  of  m  ? 

This  is  the  point  which  remains  to  be  considered.  Assuming 
the  alloy  contains  an  x^  group  C,  and  a  100  —  x^  group  Pe„„ 
we  have : 

1400mc 
"•"300+ (14m -3)6 

and  for  the  experimental  extremes  (<?'  =  0-12  and  c"  =  4-87) 

.         1400w        ^   -      .  1400m 

"^      f4m  +  2497    •'^    *  ^  l4m  +  66-66' 

Equating  as  before  for  the  straight  line   which  connects  these 
extreme  points,  and  substituting  for  x^  its  value,  we  have 

14m  +  65-65      ^  000264277 •  l^^tnl  -  t ; 


14mc  +  3(100-6)  c  -  0-12 

h  thus  having  the  same  value,  for  a  given  experiment,  as  in  the 

iron-cementite  hypothesis.    Taking  m^  as  the  value  of  m  deduced 

from  this  equation,  we  have 

,     34(100 -c)-e5e5  ,  , 

« uii^h) •       •    W 

and  on  comparing  the  value  y  with  the  value  ^,  it  will  be  seen 
that  m'  ==  w  —  8. 

That  is  to  say  that  in  the  Fe^  —  C  hypothesis  the  value  of  m 
which  gives  rectilinearity  is  obtained  by  subtracting  three  units 
from  that  which  gives  rectilinearity  in  the  Fe«  —  Fe,C4  hypo- 
thesis. Now,  on  the  latter  hypothesis  rectilinearity  was  obtained 
for  w  =  2.  It  follows  therefore  that  m'  =  —  1,  which  means 
that  it  is  impossible  to  obtain  rectilinear  variation,  on  the 
iron-carbon  hypothesis,  with  any  value  of  w. 

^  Or  of  the  aame  number  of  AtoniB. 
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C0BBE8P0NDENCE. 

Professor  H.  C.  H.  Cabpenter,  F.B.S.  (Royal  School  of  Mines), 
wrote  expressing  his  thanks  to  Professor  Cesiro  for  his  valuable  note 
on  "The  Liquidus  in  the  Iron-Carbon  System."  Professor  Ces&ro, 
a  distinguished  scientist  and  President  of  the  Belgian  Academy  of 
Sciences,  had  spent  some  time  working  in  his  (Professor  Carpenter's) 
laboratories.  During  that  period  they  had  frequently  discussed  the 
iron-carbon  equilibrium,  and  Professor  Cesiro's  note  was  the  result 
of  some  of  their  discussions.  The  point  dealt  with  was  one  of  very 
considerable  interest  and  importance,  and  the  mathematical  analysis 
to  which  Dr.  Ces&ro  had  subjected  the  experimental  results  obtained 
by  Mr.  Keeling  and  the  writer  some  fifteen  years  ago,  led  to  the  interest- 
ing conclusions  stated  in  the  note.  Professor  Cesiiro  had  approached 
and  treated  the  subject  in  a  broad  philosophical  and  strictly  scientific 
way,  which  was  much  to  be  commended,  and  considerable  weight 
attached,  therefore,  to  his  conclusions. 
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ON  THE  NON-ALLOTROPIC  NATURE  OF  THE 
A2  TRANSFORMATION  IN  IRON. 

By  kOTARO  HONBA  (Tohoku  Iicpebial  Ukivsbsity,  Sendai,  Japak). 

1.  In  recent  years  there  has  been  a  considerable  amount  of 
discussion^  as  to  the  nature  of  the  A2  transformation.  The 
present  author  communicated  a  paper  on  the  same  subject  ^  at 
the  Annual  Meeting  of  the  Iron  and  Steel  Institute,  1915,  and 
showed  that,  unlike  the  Al,  A8,  and  A4  changes,  the  A2  trans- 
formation does  not  take  place  at  a  definite  temperature  or  within 
a  small  range  of  temperature,  called  the  critical  point  or  range, 
such  as  768^,  but  that  it  begins  even  at  ordinary  temperature, 
its  rate  becoming  greater  as  the  temperature  is  increased, 
•until  it  is  completed  at  785°.  All  physical  properties,  such 
as  the  heat  absorption  (or  evolution) — ^the  change  of  specific 
heat — the  intensity  of  magnetisation,  electric  resistance,  thermal 
conductivity,  magnetic  expansion,  mechanical  properties,  &c., 
vary  therefore  similarly  with  each  other,  their  magnitudes 
changing  slowly  at  lower  temperatures,  and  the  change  becoming 
faster  as  the  temperature  approaches  785°.  On  the  other  hand, 
the  Al,  A8,  and  A4  transformations  take  place  within  a  small 
range  of  temperature,  and  therefore  are  of  a  different  character ; 
hence  the  author  concludes  that,  from  the  standpoint  of  the 
phase  doctrine,  iS-iron  is  not  an  independent  phase  but  should 
be  included  in  the  a-phase.  From  the  discussion  on  his  paper, 
and  also  from  other  papers,  it  will  be  found  that,  generaUy  speak- 
ing, American  metallurgists  consider  the  A2  transformation  to 
be  an  allotropic  change,  and  yS-iron  as  an  independent  phase, 
while  those  of  England  and  the  Continent  do  not  recognise  ^S-iron 
as  a  distinct  phase.  Some  metallurgists  contend  that  the  question, 
whether  the  A2  transformation  is  an  allotropic  change  or  not, 
is  a  matter  of  definition,  having  in  itself  little  importance.    In 

1  0.  K.  Boxgeas  «nd  J.  J.  Crowe,  SeUnHfic  Papert,  Btmau  of  Standarde  (1914),  Ka  212; 
C.  Benedioks,  Jownal  of  tke  Iron  and  8Ud  InaUiuU,  1914,  No.  I.  p.  419 ;  K.  Hond*,  Jownal 
of  Ih*  Iron  and  Skd  InttUuie,  1916,  Na  L  p.  108.  i 

*  On  the  nature  of  the  A2  tnnflformation  in  iron. 


Digitized  by 


Googk 


458  HONDA  :    ON  THB  NON-ALLOTROPIO  NATURB  OF 

the  present  communication,  it  will  be  conclusively  shown  that 
the  A2  transformation  differs  essentially  in  its  nature  from  the 
Al,  A3,  A4  transformations,  and  cannot  be  considered  as  a 
change  of  phase  in  a  proper  sense  of  words. 

2.  If  a  homogeneous  substance  be  taken  and  heated  to  a 
high  temperature,  it  will,  in  some  cases,  undergo  an  internal 
change  at  a  certain  high  temperature,  whereby  all  its  physical 
properties  change  to  a  greater  or  lesser  degree.  The  substance 
is  then  said  to  be  changed  from  one  phase  to  another,  or  to  have 
undergone  an  allotropic  change.  Such  a  transformation  of  a 
substance  may  be  surmised  from  an  abrupt  change  of  one  or 
more  physical  properties  at  a  certain  temperature.  Considered 
from  the  standpoint  of  the  molecular  theory  of  matter,  an  allo- 
tropic change  may  be  understood  in  the  following  way.  A 
substance  has  a  given  molecular  or  atomic  configuration,  the 
molecules  or  atoms  being  in  a  state  of  stable  equilibrium  under 
the  mutual  action  of  molecules  making  thermal  vibrations.  As 
the  temperature  increases,  this  thermal  vibration  becomes  greater* 
in  ampUtude,  and  when  the  temperature  attains  a  certain  value 
the  amplitude  of  vibration  is  supposed  to  become  so  great  that 
the  molecules  or  atoms  are  no  longer  in  equilibrium  under  the 
original  configuration  and  take  on  a  new  configuration  of  stable 
equilibrium.  This  abrupt  change  of  configuration  is  in  fact  an 
allotropic  change.  Since  the  properties  of  a  substance  depend 
on  the  molecular  of  atomic  configuration,  all  properties  must 
alter  by  the  change  of  configuration  or  by  an  allotropic  change. 

Since  every  transformation  takes  a  certain  time,  that  is^  is 
accomplished  with  a  certain  velocity,  it  is  natural  to  suppose 
that  for  a  transformation  to  be  completed  a  certain  time  is 
required,  depending  on  the  nature  of  the  transformation.  Hence 
it  is  evident  that  though  at  ordinary  rates  of  heating  or  cooling 
an  allotropic  change  takes  place  gradually  in  an  interval  of 
temperature,  yet  it  will  occur  at  a  definite  temperature  if 
sufficient  time  be  allowed  for  the  transformation. 

Almost  all  the  physical  properties  of  every  homogeneous 
substance  which  does  not  undergo  any  transformation  will  con- 
tinuously change  if  the  substance  be  heated  to  high  tempera- 
tures, as,  for  example,  thermal  expansion,  thermal  conductivity, 
specific  heat,  electric  resistance,  and  mechanical  properties,  all 
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of  which  vary  with  increasing  temperatures.  There  are  but 
few  properties  which  undergo  no  change  at  high  temperatures* 
During  heating  and  cooling  there  are  also  gradual  heat  absorp- 
tion and  evolution  respectively ;  because  every  substance  has  a 
definite  amount  of  specific  heat  at  each  temperature^  and  there- 
fore this  heat  must  be  absorbed  during  heating  or  given  off  during 
cooling,  for  a  rise  or  faU  of  one  degree  of  temperature.  Thus, 
by  heating  or  cooling  an  iron  rod,  heat  will  be  absorbed  or  evolved 
for  all  temperatures  from  room  temperature  to  the  highest.  If, 
however,  the  specific  heat  does  not  vary  much  with  temperature 
it  is  very  difficult  to  detect,  by  thermal  analysis,  the  heat  thus 
gradually  evolved  or  absorbed. 

Again,  in  actual  cases,  the  physical  properties  of  a  sub- 
stance undergoing  an  allotropic  transformation  will  change,  not 
continuously,  but  more  or  less  abruptly,  in  the  temperature- 
range  of  transformation,  with  an  absorption  or  evolution  of 
heat.  What  is  then  the  difference  between  the  gradual  change 
accompanying  an  increasing  temperature  in  non-transformable 
substance  and  an  allotropic  change  of  a  substance  ?  At  first 
sight  the  difference  seems  to  consist  only  in  the  rate  of  change 
of  physical  properties  with  respect  to  temperature.  If  such  be 
the  case,  the  two  kinds  of  transformations  just  referred  to  differ 
only  quantitatively  from  each  other,  and  there  is  no  essential 
difference  between  them.  In  an  extreme  case  of  a  discontinuous 
change,  we  have  doubtless  to  consider  it  an  allotropic  trans- 
formation ;  but  where  a  change  takes  place  only  gradually,  it 
is  very  difficult  to  decide  whether  the  change  is  allotropic  or 
not.  A  study  of  these  transformations  shows,  however,  that 
there  is  an  important  difference,  which  characterises  one  trans- 
formation from  the  other.  Thus  in  a  change  of  non-allotropio 
nature,  if  the  temperature  be  given,  physical  properties  are 
perfectly  determinate — that  is,  they  are  definite  functions  of 
the  temperatures.  Hence,  if  the  thermal  equilibrium  be  once 
established,  the  change  in  a  property  of  the  substance  caused 
by  change  of  temperature  does  not  increase  by  a  prolonged 
heating.  In  an  allotropic  transformation,  however,  the  change 
of  a  property  may  at  an  ordinary  rate  of  heating  or  cooling  take 
place  in  an  interval  of  temperatures  ;  but  if  the  substance  be 
kept  at  a  transforming  temperature  for  sufficiently  long,  the 
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change  of  property — that  is,  the  transformation  of  the  substance, 
will  take  place  at  that  temperature.  The  author  considers  this 
the  sole  criterion 'for  distinguishing  the  one  transformation  from 
the  other.  Hence  the  definition  of  an  allotropic  change  may 
conveniently  be  given  as  follows :  An  dUotropic  change  is  ihe 
transformation  of  a  substance  frojn  one  phase  to  another,  which 
proceeds  at  a  definite  temperature,  if  a  sufficient  time  be  dllou)ed  for 
the  transforrmiion. 

8.  In  a  former  experiment  ^  the  author  proved  magnetically 
that  the  A2  transformation  in  pure  iron  is  perfectly  reversible 
during  heating  and  cooling,  and  that,  although  the  temperature 
be  kept  constant  in  every  point  in  the  heating  or  cooling  curve 
for  a  sufficiently  long  time,  it  does  not  progress  with  time — ^that 
is,  every  stage  in  the  A2  change  is  a  definite  function  of  tempera- 
ture.  Hence,  if  in  the  said  transformation  a  particular  point 
or  range  be  considered  as  a  point  or  range  of  an  allotropic  change 
or  a  phase-change,  any  other  point  or  range  may  also  be  con- 
sidered as  a  similar  point  or  range,  so  that  we  would  obtain  an 
infinite  number  of  phases  below  the  critical  temperature.  Hence 
the  A2  transformation  cannot  be  considered  as  an  allotropic 
change  of  phase  in  a  proper  sense  of  words. 

What  kind  of  internal  change  then  is  the  A2  transformation  ? 
To  answer  this  question  it  is  necessary  to  introduce  a  molecular 
theory  of  magnetism,  which  explains  the  transformation  of  a 
ferromagnetic  substance  to  a  paramagnetic  at  high  temperatures, 
or  the  A2  transformation.  According  to  joint  papers  ^  by  Assist. 
Prof.  J.  Okubo  and  the  present  author,  the  said  transformation 
may  be  explained  in  the  following  way  :  The  temperature  affects 
magnetisation  in  two  opposite  ways ;  the  first  effect,  which  is 
specially  conspicuous  in  weak  fields,  but  which  vanishes  in  strong 
fields,  is  to  increase  the  magnetisation,  while  the  second  effect 
is  always  to  decrease  it.  The  molecules  of  a  ferro-magnetic 
substance  are  continuously  making  axial  rotations  about  their 
magnetic  axis,  and  at  the  same  time  small  vibratory  rotations 
about  the  axes  perpendicular  thereto.  The  first  motion  explains 
the  diminution  of  magnetisation  with  the  rise  of  temperature — 
the  A2  transformation — ^while  the  second  motion  explains  its 

1  aeUuM  Reports  of  the  Tdhoku  Imperial  Umeertity,  1916,  vol.  t.  p.  286. 
s  Ibid,,  1916,  vol.  y.  p.  326 ;  ibid.,  1918,  vol.  rii.  p.  162. 
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increase  in  weak  ^Ids  and  has  no  connection  with  the  A2  trans- 
formation. Since  these  motions  are  considered  to  be  dependent 
on  the  translational  thermal  vibrations  of  the  molecules,  their 
energies  are  supposed  to  be  far  less  than  those  corresponding 
with  the  equipartition  of  energy.  At  ordinary  temperature, 
the  energy  of  rotation  about  the  magnetic  axis  is  considered 
to  be  very  smaU,  but  as  the  temperature  rises  it  rapidly  increases, 
its  rate  of  increase  becoming  steadily  greater.  As  the  molecules 
acquire  the  greater  amount  of  rotational  energy,  the  gyrostatic 
action  of  the  molecules  increases,  and  therefore,  under  a  magnetic 
force,  the  substance  becomes  less  and  less  magnetisable.  At  the 
critical  point,  the  rotational  energy  will  be  so  great  that  the 
gyrostatic  action  of  the  molecules  becomes  sufficient  to  change 
the  ferromagnetic  substance  to  the  paramagnetic.  It  is  here 
necessary  to  assume  that  when  the  magnetic  field  is  released, 
the  axes  of  the  gyromolecules  take,  by  thermal  impacts,  a  uniform 
distribution  in  all  directions.  Thus,  according  to  the  above 
theory,  the  A2  transformation  is  not  a  change  of  molecular 
configuration  or  a  change  in  the  molecule,  but  the  process  of 
acquiring  the  rotational  energy  of  molecules,  whose  amount  is 
a  definite  function  of  temperature. 

It  is  here  to  be  noticed  that  the  critical  or  A2  point,  as  deter- 
mined thermally,  is  usually  taken  as  766''  G. ;  this  is  the  tem- 
perature at  which  the  rate  of  heat  evolution  or  absorption  is  at 
a  maximum  on  cooling  or  heating  respectively,  and  somewhat 
lower  than  785°  C.  proposed  by  the  present  author.^  The  latter^ 
is,  of  course,  not  the  temperature  at  which  the  A2  transformation 
would  take  place  but  the  temperature  at  which  the  A2  trans- 
formation begins  on  cooling,  or  terminates  on  heating.  It  is 
the  temperature  at  which  iron  changes  jrom  the  ferro7nagnetic  to  the 
paramagnetic  state, 

4.  In  the  case  of  pure  iron  there  are,  besides  the  A2  trans- 
formation, two  others,  the  A8  and  A4  transformations.  That 
the  last  two  transformations  will  take  place  at  definite  tempera- 
tures, if  a  sufficient  time  be  allowed  for  the  transformations,  is 
magnetically  proved  by  the  experiments  of  T.  Ishiwara  ^  and 
T.  Terry.'    In  the  experiment  made  by  Mr.  T.  Ishiwara,  the 

1  SciefM  Reports  of  (he  T6hoku  Imperial  Vnivenity,  1913,  vol.  ii.  p.  09 ;  ibid.,  1916,  vol.  T. 
p.  286.  t/dtf.,  1917.  vol.  Ti.  p.  133.  •  Phytical  Review,  1917.  ydt,  i.  p.  394. 
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heating  and  cooling  for  the  A8  transformation  were  conducted 
at  an  extremely  slow  rate.  This  transformation  by  cooling 
actually  took  place  at  898°,  and  the  difference  between  the  Ac3 
and  Ar3  points  did  not  exceed  five  degrees.  Kg-  1  shows  an 
example  of  the  result  obtained  by  him.    Here  the  complete 
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transformation  required  about  three  hours.  The  A4  transforma- 
tion takes  place  much  more  rapidly  than  the  AS  transformation  ; 
by  keeping  the  temperature  constant  at  1890'',  the  A4  trans- 
formation^ takes  place  in  a  few  minutes  (Fig.  2).  Hence  A3 
and  A4  transformations  are  properly  called  allotropic  changes 
of  phase. 

In  the  case  of  carbon  steels  there  are,  in  addition  to  the  above, 

1  ScUne*  RtporU  of  Iht  T^ku  Imptrial  VnivinUy,  1917,  Tol.  yi.  p.  133. 
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two  transformations  AO  and  Al  at  215°  and  700°-760°  respectively. 
The  former  is  the  critical  point  of  cementite  ^  (FejC)  present  in 
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the  steel  and  of  exactly  the  same  nature  as  the  A2  transforma- 
tion above  discussed.    The  latter  is  a  eutectic  transformation  of 
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cementite  and  ferrite ;   it  has  been  magnetically  proved  by  the 
present  author  ^  that  the  Acl,  Arl  transformations  really  take 

»  ScUmtt  Beporit  of  Om  T6koku  Imperial  University,  1913,  vol.  ii.  p.  203;  ibid,,  1917, 
vol.  vi.  p.  23.  I  Ibid.,  1916,  vd.  v.  p  285. 
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place  at  definite  temperatures,  if  the  rate  of  heating  or  cooling 
be  sufficiently  slow  (Fig.  8).  Hence  the  Al  transformation  is 
properly  called  a  change  of  phase. 

The  following  are  the  conclusions  arrived  at : 

1.  In  the  case  of  pure  iron,  there  are  three  transformations, 
A2,  AS,  and  A4.  The  two  latter  are  aUotropic  transformations, 
while  the  first  cannot  properly  be  called  an  allotropic  change  of 
phase. 

2.  In  the  case  of  carbon  steels,  in  addition  to  the  above,  there 
are  two  transformations,  AO  and  Al.  The  latter  is  a  change  of 
phase,  while  the  former  is  a  change  having  the  same  nature  as 
the  A2  transformation. 

8.  The  AO  and  A2  transformations  are  internal  changes 
extending  from  the  critical  temperature  to  the  lowest ;  every 
stage  of  these  changes  is  a  definite  function  of  temperature. 
From  the  standpoint  of  the  molecular  theory  of  magnetism,  these 
transformations  may  be  regarded  as  processes  in  which  the  mole- 
cules acquire  rotational  energy  about  their  magnetic  axes. 
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COBBESPONDENCE. 

Professor  H.  M.  Howe,  Honorary  Vice-President,  wrote :  Professor 
Honda's  contention  that  the  A2  change  is  not  allotropio  is  based 
essentially  on  the  second  and  third  phrases  in  his  definition,  limiting 
allotropic  changes  to  those  *'  which  proceed  at  a  definite  temperature, 
if  a  sufficient  time  be  allowed,''  meaning  by  "  proceed,"  "  complete 
themselves." 

Looking  at  the  matter  perfectly  pragmatically,  we  naturally  ask 
the  learned  author  what  it  profits  thus  to  split  up  changes  of  this 
general  class  into  two  divisions,  one  called  allotropic  which  complete 
themselves  at  a  definite  temperature,  and  others  to  be  called  by  some 
other  name  not  yet  proposed  which  do  not  ?  We  have  been  accustomed 
to  regarding  the  essence  of  allotropy  as  "  a  change  in  one  or  more, 
usually  in  most,  of  the  properties  of  an  element  not  caused  by  a  change 
of  state."  I  do  not  insist  on  the  precise  wording  of  the  definition, 
but  only  on  its  general  meaning.  That,  I  take  it,  is  the  established 
meaning  of  allotropy,  and  has  been  since  allotropy  was  first  proposed 
by  BerzeUus.  I  for  one  object  strongly  to  introducing  such  changes 
in  the  established  meaning  of  scientific  words  unless  some  decided 
good  is  to  be  gained. 

Even  if  we  accept  the  explanation  of  the  A2  change  which  the 
author  gives  on  p.  460,  what  reason  does  it  give  for  excluding  such 
changes  from  the  class  "  allotropic  "  ? 

Let  us  remember  the  function  of  language,  to  convey  thought. 
This  function  is  interfered  with  if  the  established  meanings  of  words 
are  changed,  especially  if  the  change  is  arbitrary,  as  it  seems  to  be 
in  the  present  case.  This  desired  stabiUty  of  language  in  no  way 
conflicts  with  the  need  of  adding  new  words  whenever  the  advance 
of  scientific  thought  gives  us  a  new  conception  for  which  no  fit  word 
exists. 

Dr.  A.  McCance  (Glasgow)  wrote  that  among  those  who  had 
studied  the  question  the  non-allotropic  nature  of  A2  was  generally 
recognised,  but  Professor  Honda's  paper  showed  that  there  was  still 
some  difficulty  in  so  defining  allotropy  that  A2  was  properly  excluded 
while  A3  and  the  less  known  A4  were  included  as  true  allotropic  changes. 
The  criterion  proposed  by  Professor  Honda  that  an  allotropic  change 
took  place  at  a  definite  temperature  if  sufficient  time  were  given  for 
the  transformation,  would,  he  feared,  not  remove  the  existing  con- 
fusion. Whereas  in  the  case  of  A3  an  appreciable  time  was  required 
for  complete  equilibrium,  the  A2  point  was  the  culmination  of  changes 
which  commenced  at  lower  temperatures  and  which  appeared  to 
reach  equilibrium  at  any  temperature  instantaneously.  The  difference 
1919— i.  2  H 
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between  them  was  thus  only  one  of  degree  and  not  of  kind,  and  referred 
the  question  to  the  available  degree  of  experimental  skill.  A  definition 
based  on  such  postulates  could  therefore  never  be  permanent.  .  He 
(Dr.  McCance)  had  always  maintained  that  the  only  definition  which 
was  free  from  ambiguity  and  covered  all  cases  was  when  allotropy 
was  defined  as  "  a  change  in  crystalline  symmetry."  The  possible 
systems  of  crystalline  symmetry  were  limited,  and  once  the  symmetry 
in  any  case  was  known  there  could  be  no  doubt,  so  that  that  definition 
made  an  unalterable  and  final  decision. 

That  definition  also  included  without  further  extension  those 
cases  of  dynamic  allotropy  studied  by  Smits,  since  they  fell  naturally 
into  the  category  of  mixed  crystal  systems  of  one  component. 

Professor  C.  Benedicks  (Stockholm)  wrote  expressing  his  view 
that  Professor  Honda  was  quite  right  to  emphasise  that  the  nature 
of  the  A2  transformation  was  not  a  matter  of  definition  only,  and  in 
pointing  out  that  "  )3  "  was  not  an  independent  phase  but  should  be 
included  in  the  a  phase.    That  view  was  put  forward  by  Professor 
H.  Le  Chatelier  and  by  P.  Weiss,  and  was  dealt  with  in  some  detail  by 
Prof essor  Benedicks  in  1912  and  1914,  and  by  Professor  Honda  in  1915.* 
It  was  also  of  historical  interest  to  recall  that  Osmond  as  far  back  as 
1906  *  had  come  to  the  conclusion,  based  on  determinations  of   the 
electric  resistance,  that  the  A2  transformation  extended  to  the  lowest 
temperatures,  as  was  now  concluded  by  Professor  Honda  as  the  result 
of  the  valuable  magnetic  experiments  carried  out  in  his  laboratory. 
Broadly  the  views  of  Professor  Honda  and  of  Professor  Benedicks 
agreed,  except  in  regard  to  a  minor  detail.     Professor  Honda  pro- 
pounded a  new  theory  as  to  the  cause  of  the  transformation  of  ferro- 
magnetic iron  and  para-magnetic  iron  at  A2,  namely,  that  the  dis- 
parition  of  ferro-magnetism  was  due   to  a   gyroscopic  action.    He 
(Professor  Benedicks)  still  accepted  as  an  explanation  of  the  phenomena 
the  Lange-vin- Weiss  theory.    That  theory  held  that  owing  to  the 
thermal  vibrations  (not  rotation)  of  the  atoms,  the  parallel  orientation 
in  "  swarms  "   which  was  admittedly  necessary  at  high  temperatures 
for  the  f erro-magnetic  state  was  not  possible.    Further,  the  occurrence 
of  allotropy  presupposed  that  the  atoms  of  a  substance  were  capable 
of  existing  in  tipo  different  states  of  internal  equilibrium  :  M  and  N, 
which  were  generally  temperature  functions.    When  M  predominated, 
the  substance  was  spoken  of  as  the  /x  phase,  while  when  N  predominated, 
the  substance  was  described  as  the  v  phase.    For  instance,  if  a  given 
substance  consisted  at  144*5°  C.  of  99  per  cent.  M  and  1  per  cent.  N, 
and  at  145'5°  C.  consisted  of  1  per  cent.  M  and  99  per  cent.  N,  it  would 
be  said  that  an  allotropic  transformation  point  occurred  at  145°  C,  at 

1  Journal  of  the  Iron  and  8ted  InalituU,  1912,  No.  II.,  1914,  No.  I.,  and  1915,  No.  I. 
>  Bevue  de  MiiaUvrgie,  1906,  Vol.  3,  p.  651 ;  Journal  of  the  Iron  and  SUel  InttiitUe,  1912, 
No.  II.,  p.  260. 
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which  practically  the  atom  was  transformed  from  state  M  to  state  N. 
On  that  point  aU  observers  could  be  said  practically  to  agree. 

The  theory  which  he  (Professor  Benedicks)  had  proposed  in  1912. 
was,  without  requiring  any  special  hypothesis,  more  general.  It 
agreed  with  that  of  A.  Smits,  who  said  that  in  such  an  instance  the 
definite  allotropic  transformation  point  at  145°  C.  could  subsist,  even 
in  a  case  where  at  144'5°  C.  the  substance  consisted  of,  for  example, 
75  per  cent.  M  and  25  per  cent.  N.  Such  a  possibility  would  be  rejected 
a  priori  but  had  to  be  taken  into  consideration  if  unduly  narrow  con- 
clusions were  to  be  avoided.  He  (Profesor  Benedicks)  quite  admitted 
that  at  a  temperature  just  below  A3  the  metal  by  no  means  contained 
99  or  100  per  cent,  of  M,  but  a  considerably  smaller  percentage  of  "  m," 
and  that  the  percentage  of  M  at  temperatures  increasing  from  low 
temperatures  continuously  decreased  from  100  to  "  m  "  per  cent., 
in  other  words,  iron  with  rising  temperature  contained  a  quantity  oi 
*'  y-atoms  "  which  steadily  increased  up  to  a  temperature  just  below 
A3,  when  it  suddenly  changed  to  nearly  100  per  cent.  He  thought 
that  that  hypothesis  of  the  solubility  of  the  bulkier  y-iron  in  a-iron 
was  necessitated  more  particularly  by  the  behaviour  of  the  dilatation 
curve  of  pure  iron ;  indeed  no  other  explanation  had  as  yet  been 
given  of  the  remarkable  concavity  of  the  dilatation  curve  towards  the 
temperature  axis,  which  was  conspicuous  from  about  700°  C*  That 
continuous  increase  of  "  y-atoms  "  in  the  "  a-iron  "  on  heating 
would  have  an  influence  on  the  magnetic  loss  (A2)  which  would  super- 
pose itself  on  the  thermal  agitation  (vibrations).  Further,  as  the 
y-atoms  were  known  to  crystallise  together  more  easily  with  foreign 
substances  than  the  "  a-atoms  "  (solubility  in  "  y-iron  "  greater  than 
in  "  a-iron "),  it  was  natural  to  admit  that  the  occurrence  of  "  y- 
atoms  "  in  solution  in  the  fi  interval  would  on  cooling  facilitate  the 
retention  of  impurities  such  as  carbon  in  a  dissolved  state,  which  would 
give  rise  to  further  thermal  irregularities,  such  as  were  known  to  exist 
in  iron  of  commercial  qualities.  That  solubility  of  the  two  modifica- 
tions was  not  taken  into  consideration  by  Professor  Honda,  whose  theory 
might  therefore  aSord  a  simpler  explanation.  The  chief  value  of  a 
theory  was  not  that  it  should  be  as  simple  as  possible,  but  thatit  should 
account  for  known  facts,  which,  as  in  the  present  instance,  and  in  the 
case  of  dilatation,  were  somewhat  complicated."  In  regard  to  essentials, 
however,  the  opinions  of  Professor  Honda  were  in  close  agreement 
with  his  own. 

1  Journal  of  the  Iron  and  SUd  InaUtnte,  1012,  No.  II.,  p.  264. 

*  Certain  thermoelectrical  phenomena  which  he  (Professor  Benedicks)  had  described  in  the 
Journal  for  1916  (No.  I.,  p.  211)  could  hardly  be  explained  without  taking  into  consideration 
the  auamed  solubility  of  the  modifications. 
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THE  EXPERIMENTAL  INVESTIGATION  OF 
THE  INFLUENCE  OF  THE  RATE  OF  COOL- 
ING ON  THE  HARDENING  OF  CARBON 
STEELS. 

By  A.  M.  PORTEVIN  and  M.  GARVIN  (Pabis). 

PART  I. 

EXPERIMENTAL    INVESTIGATION    OF    THE    COOLING   OF 
DIFFERENT   METALS   BY   IMMERSION  IN  WATER. 

INTRODUCTION. 

The  results  of  all  experimental  work  can  ultimately  be  expressed 
either  numerically  or  graphically.  The  degree  of  confidence  that 
can  be  placed  in  such  results  depends  principally  on  the  precau- 
tions taken  during  the  tests,  on  the  nature  of  the  measuring 
instruments,  and  on  the  arrangement  of  the  apparatus  employed. 
It  is  these  manipulative  details  which,  far  more  than  the  general 
preconceptions  underlying  the  investigation  (which  are  seldom 
novel),  determine  the  extent  to  which  the  investigator's  results 
can  be  accepted.  Measurements  badly  carried  out  may  yield 
erroneous  results  not,  at  first  sight,  distinguishable  from  accurate 
results.  It  is  therefore  necessary  minutely  to  detail  the  experi- 
ments and  measurements  made,  in  order  to  enable  other  people 
to  judge  the  results  with  full  knowledge  as  to  how  they  were 
obtained,  and  to  enable  them  to  repeat  the  experiments  at  will, 
in  order  to  check  the  results  given.  In  the  authors'  opinion,  these 
details  are  too  often  passed  over  in  silence,  as  though  they  were 
negligible,  although  this  prevents  all  attempts  at  verification 
and  prohibits  discussion.  For  this  reason  they  have  deemed  it 
advisable  to  describe  the  whole  of  the  details  of  the  processes 
employed,  so  as  to  enable  the  reader  to  follow  the  sequence  of 
operations  as  though  he  were,  so  to  speak,  present  while  they 
were  being  carried  out.  He  will  then  be  able  not  only  to  take 
into  consideration  the  precautions  observed,  but  also  to  note 


Digitized  by 


Googk 


470       PORTBVIN  AND  GARVIN  :    INVESTIGATION  OP  INFLUENCE  OP 

those  which,  in  his  opinion,  have  been  neglected,  which  will 
enable  him  to  criticise  the  whole  of  the  results  intelligently.  No 
further  apology  is  therefore  needed  for  the  space  given  in  the 
following  paper  to  descriptions  of  the  experimental  appliances, 
as  such  descriptions  possess  vital  interest  and  can  never  be  too 
complete. 

A.  Mode  op  Using  the  Thermocouples. 

The  experimental  investigation  of  rapid  variations  in  the 
temperature  of  a  piece  of  metal,  such  as  those  which  result  from 
the  operation  known  as  **  quenching,"  presents  a  considerable 
amount  of  difficulty,  particularly  when  it  becomes  a  question  of 
samples  of  very  small  dimensions.  Of  these  difficulties  the 
greatest  is,  undoubtedly,  that  of  avoiding  too  great  differences 
of  temperature  between  the  thermometric  body  and  the  point 
within  the  sample  under  investigation.^ 

The  use  of  a  thermo-electric  couple  which  is,  from  every  point 
of  view,  so  convenient  that  it  is  difficult  to  imagine  any  better 
instrument,  must  be  subordinated  to  the  taking  of  precautions 
capable  of  diminishing  the  following  causes  of  error,  which  may 
lead  to  a  considerable  divergence  between  the  temperature  of 
the  junction  and  that  of  the  mass  of  metal : 

1.  Imperfect  continuity,  from  the  point  of  view  of  calorific 
conductivity,  between  the  couple  and  the  sample. 

2.  Transmission  of  heat  by  the  conductivity  of  the  wires  of 
the  couple,  which  may  make  the  temperature  variations,  occurring 
at  the  junction,  affect  a  considerable  length  of  *the  wires. 

3.  Thermal  inertia  of  the  juncture. 

4.  Thermal  inertia  of  the  necessary  insulation. 
These  different  points  will  be  discussed  in  succession. 

1.  In  the  bulk  of  the  experiments  carried  out  up  to  the  present 
their  authors  have  not  overlooked  the  necessity  of  securing  proper 
exchanges  of  heat  between  the  piece  quenched  and  the  thermo- 
metric body.  Generally  speaking,  however,  they  have  •  con- 
tented themselves  with  bringing  the  junction  of  the  thermo- 
couple into  contact  with  the  bottom  of  the  orifice  made  in  the 
sample — an  operation  which  they  did  not  subject  to  any  verifi- 

^  It  is  impossible  in  an^  case  to  eliminate  entirely  the  perturbational  influence  of  the 
thermometrio  body,  but  it  is  essential  to  VDduee  it  by  eyery  means  available. 
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cation  either  at  the  commencement  of  the  experiment  or  during 
its  progress.  The  subsequent  heating  might  therefore  affect  or 
even  destroy  that  contact : 

(a)  By  the  play  of  the  dilatations. 

(6)  By  the  formation  of  oxide,  if  the  sample  be  oxidisable. 

Further,  in  the  arrangement  of  the  appliances  hitherto  adopted, 
the  sample,  clamped  to  the  end  of  a  holder,  was  moved,  together 
with  the  latter,  so  as  to  pass  from  the  furnace  to  the  quenching 
bath.  Such  movement  may  similarly  lead  to  changes  in  the  degree 
of  contact  in  question.  It  was  the  above  considerations  which 
led  the  authors  to  adopt  the  arrangement  described  later,  in 
which  the  sample  remains  fixed  while  the  appliances  for  heating 
and  quenching  are  movable.  The  contact  with  the  couple  is 
maintained  as  closely  as  possible,  the  holder  being  independent 
of  the  dilatations,  and  contact  depending  on  the  actual  weight 
of  the  thermo-electric  appUances.  At  the  same  time  an  electrical 
arrangement  for  checking  the  existence  of  the  contact  through- 
out the  operation  was  employed.  For  this  purpose  it  was  only 
necessary  to  close,  by  means  of  a  small  key,  the  circuit  from  a 
high  internal-resistance  battery  interpolated  across  one  of  the 
wires  of  the  couple,  and  traversing  the  contact  of  the  hot  thermo- 
junction  with  the  bottom  of  the  sample,  and  to  observe — by 
means  of  a  dial  galvanometer  indicating  the  temperatures  during 
the  heating — the  ohms  lost  during  the  passage  of  the  current.^ 
The  terminals  of  the  battery  being  thus  connected  up  in  the 
direction  required,  and  with  the  interposition  of  the  key,  one 
with  the  sample  (that  is  to  say,  with  practically  the  entire  system 
for  heat-treating  the  sample),  and  the  other  with  one  of  the  cold 
connections  of  the  thermocouple,  current  from  the  battery  flows 
on  closing  the  key,  if  the  contact  between  the  thermocouple  and 
the  sample  be  satisfactory,  and  the  needle  of  the  galvanometer 
is  deflected.  If  the  contact  is  imperfect  the  current  cannot  pass, 
or  is  weakened,  and  this  is  shown  by  the  galvanometer  readings. 

From  the  physical  point  of  view,  the  authors  have  found  it 
absolutely  necessary  thoroughly  to  clean  the  cavity  which  receives 
the  thermocouple,  not  only  to  ensure  that  the  circuit  control 
acts  properly   but  also  to  avoid  any  injury  to  the  thermocouple. 

1  It  might  have  been  preferable  to  employ  an  accumulator  battery  or  a  battery  incapable 
of  becoming  polarised,  and  of  fair  capacity,  in  series  with  a  suitable  resistance  apparatus. 
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For  this  purpose  the  cavities  in  the  samples  were  freed  from  grease 
by  injecting  benzene  and  ether  in  succession,  so  as  to  remove 
particles  resulting  from  the  drilling  and  to  dissolve  any  greasy 
substances.  The  liquids  were  expelled  by  strongly  shaking  the 
sample,  which  was  then  dried  at  a  low  temperature.  Finally,  a 
grease-free,  rimer  was  used  to  clear  out  the  bottom  of  the  cavity 
and  to  remove  any  oxide  that  might  have  been  formed,  particu- 
larly when  the  sample  had  already  undergone  previous  tests. 

The  authors  found,  however,  in  the  case  of  samples  that 
cracked,  that  the  oxidisation  after  quenching  was  practicaUy 
nU,  the  air  not  being  able  appreciably  to  renew  itself  within  the 
cavity. 

In  order  to  ascertain  the  efficacy  of  the  precautions  taken, 
cooling  curves  have  been  plotted  in  respect  of  the  same  sample 
(of  silver,  d  =  8)  with  (a)  a  perfect  contact,  and  (fc)  with  the 
thermocouple  sUghtly  raised,  so  as  not  to  rest  upon  the  bottom 
of  the  cavity.  Fig.  1  shows  the  two  curves  obtained.  They 
have  nothing  in  common  with  each  other,  and  afford  an  idea  of 
the  degree  of  magnitude  of  the  errors  which  may  arise  from  lack 
of  the  precautions  described. 

2.  The  influence  of  the  thermal  conductivity  of  the  wires  of 
the  thermocouple  is  as  follows.  The  couple  being  heated  through- 
out a  portion  of  its  length  at  the  commencement  of  the  quenching, 
and  the  temperature  of  the  sample  being  rapidly  lowered,  the 
wires  become  cooled  by,  on  the  one  hand,  convection,  and  on 
the  other  by  conductirity.  Part  of  the  heat  flows  from  the  wires 
to  the  sample  across  the  junction,  and  the  temperature  of  the 
latter  may  be  appreciably  raised  if  the  amount  of  heat  so  trans- 
mitted be  considerable.  The  authors  were  led,  therefore,  to 
employ  the  thinnest  wire  that  can  be  made,  short  of  risking  an 
undue  degree  of  brittleness.  A  diameter  of  0*1  mm.  was  adopted 
as  suitable,  notwithstanding  that  a  thermocouple  of  this  gauge 
is  somewhat  difficult  to  manipulate. 

To  begin  with,  a  few  experiments  were  made  in  order  to 
ascertain  the  time  required  to  attain  equUibrium  in  a  thermo- 
couple, in  terms  of  the  diameter  of  its  wires.  The  arrangement 
employed  was  as  follows  : 

A  small  shelf  sUding  along  two  grooves  was  attached  to  a 
stretched  spring,  and  kept  in  position  by  means  of  an  electro- 
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magnetic  release.  On  releasing  the  spring  the  shelf  slid, 
practically  instantaneously,  over  a  distance  of  about  80  rums. 
This  shelf  carried  a  small  electric  furnace  formed  of  a  silica  tube 
wound,  for  a  portion  of  its  length,  with  insulated  constantan 
wire  traversed  by  a  current.  The  interior  of  this  furnace  was. 
at  its  hottest  ^art,  at  a  temperature  of  about  ISO"*  C.  The 
couples,   which    were   of    coiistantan-wrought-copper    wires    of 
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Fia.  L — Influonce  of  the  Position  of  the  Thermocouple  in  the  Sample. 

dififerent  diameters,  either  coiled  or  bent  and  laid  in  the  axis  of 
the  furnace,  one  of  the  wires  in  the  latter  case  being  carried  in 
a  thin  glass  tube.  The  spring  being  in  tension,  the  junction  of 
the  couple  was  placed  at  the  heated  part.  The  recording  cylinder 
was  then  started,  and  at  a  given  moment  the  shelf  was  released 
automatically  by  means  of  a  contact  pin  on  the  recording  cylinder 
(see  below).  The  junction  of  the  couple  thus  passed  suddenly  from 
the  warm  region  of  the  silica  tube  to  a  cold  region. 

The  accompanying  curves  (Figs.  2  and  8)  allow  of  the  length 
of   time   required  for  the   equilibrium  of  couples   of  different 
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diameters  to  be  attained,  to   be  found  on  simple  inspection.^ 


Da  0,11  mM 


Fio.  2. — CkMling  CurvoB  for  Couples  at  different  Diameters. 

Fig.  4  gives  the  times  for  attaining  equilibrium  to  within  about  1 


Fio.  3.— Cooling  Curves  for  Couples  at  different  Diameters. 

or  2  per  cent,  for  stretched  and  uninsulated  couples  (curves  of 

1  The  initial  and  final  temperatures  differ  from  one  couple  to  another,  owing  to  the  relative 
values  of  the  effects  of  conductivity  in  the  wires. 
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Fig.  2),  and  within  about  2  per  cent,  for  coiled  and  insulated 
couples  (curves  of  Fig.  8).  The  influence  of  the  thermal  capacity 
of  the  insulating  material  is  brought  out  by  the  fact  that,  in  the 
case  of  the  latter,  the  temperature  points  assume  practically  a 
straight  line  which  does  not  cut  the  original,  as  was  the  case  with 
the  former. 

It  should  be  noted,  in  this  connection,  that  the  heat  exchanges 
take  place  only  through  the  air  and  the  wires  of  the  couples, 
which  explains  their  relative  slowness.    The  present  instance 
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differs  widely  from  what  occurs  during  the  quenching  experiments* 
These  incidental  investigations  appear  of  interest  to  note,  if  only 
to  induce  other  experimenters  to  renew  them  in  similar  cases. 

8.  The  thermal  inertia  of  the  junction  itself  was  reduced  to  a 
minimum  by  making  its  mass  as  small  as  possible. 

To  attain  this  result  the  junction  was  made  as  follows.  The 
two  wires  of  the  couple  were  fastened  together  near  their  ends, 
in  parallel,  the  ends  being  heated  until  fusion  commenced  (in  a 
Meker  blowpipe  jet,  which,  in  view  of  the  thinness  of  the  wires, 
easily  accomplished  this  result). 

The  button  obtained,  the  diameter  of  which  was  hardly  larger 
than  that  of  the  two  wires  together  (0-2  mm.),  was  then  cut  across 
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in  the  middle  by  means  of  sharp  scissors.  This  somewhat  delicate 
operation  gave  the  extremity  of  the  couple  the  shape  shown  in 
Kg.  5.    This  arrangement  has  likewise  the  advantage  of  afiford- 


0      1      t      s 

I I I L- 


mm 
FiQ.  5 — Terminal  of  the  Thermo-electric  Needle, 

ing  an  appreciable  supporting  surface-  for  the  end  of  the  couple 
and  so  faciUtating  the  heat  exchanges. 

4.  The  thermal  inertia  of  the  insulant  can  only  be  reduced 
by  making  its  mass  as  small  as  possible.  For  this  purpose  the 
authors  mounted  the  couple  between  two  silica  tubes.  The  larger 
tube,  of  translucid  silica  and  of  an  external  diameter  of  about 
2  mms.,  contained,  as  shown  in  Fig.  5,  the  couple,  one  of  the 
wires  of  which  was  protected  by  a  transparent  siUca  tube  of  0*6 
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mm.  external  diameter,  i&tting  into  other,  slightly  wider,  tubes 
covering  the  joints.  A  strand  of  asbestos  inserted  in  the  external 
tube  at  the  end  away  from  the  junction  served  to  tighten  up  the 
whole  arrangement.  The  thin  tube  projected  about  1  centi* 
metre  at  the  junction  end,  and  may  be  regarded  as  being  the  only 
one  concerned,  from  the  point  of  view  of  thermal  inertia. 


B.  Conditions  necessary  to  secure  Correct 
Eecords. 

The  precautions  necessary  to  ensure,  as  far  as  possible,  equaUty 
of  temperature  between  the  junction  of  the  couple  and  the  bottom 
of  the  cavity  in  the  sample  with  which  it  should  be  in  contact,  have 
already  been  described.  It  will  now  be  necessary  to  discuss  the 
conditions  to  be  fulfilled  in  order  to  secure  a  sufl&ciently  accurate 
record  of  the  values  of  the  electromotive  force  in  terms  of  the 
times.  The  question  arises  at  first  as  to  whether  the  curve  to  be 
recorded  should  be  that  of  electromotive  force-time,  or  the  curve 
derived  therefrom.  From  a  mathematical  point  of  view  this 
might  appear  an  idle  question,  as  either  curve  might  theoretically 
be  deduced  from  the  other.  Experimentally,  however,  it  possesses 
some  importance,  as  the  sharpness  with  which  certain  sudden 
alterations  in  the  direction  of  the  curve  (particularly  when  the 
transformation  points  are  being  passed)  can  be  defined,  varies 
according  to  which  of  these  two  modes  of  representing  them  is 
.adopted.  The  shape  of  the  surface  affected  being  strictly  limited, 
and  the  curve  traced  exhibiting  a  certain  thickness  and  inevitable 
irregularities  which  might  mask  little  details,  it  can  hardly  be 
doubted  that  an  accurate  derived  curve  would  be  far  more 
advantageous,  as  it  would  allow  : 

•  1.  The  temperature- time  curve  to  be  obtained  with  suffi- 
cient accuracy  and  without  difficulty,  whereas  the 
inverse  operation  is  exceedingly  delicate  and  requires 
the  greatest  precision. 

2.  The  sUghtest  peculiarities  in  the  temperature-time  func- 

tion can  be  easily  perceived,  and  their  nature  ascertained. 

3.  The  points  of  peculiarity  corresponding  therewith  can  be 

recorded  graphically. 
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Unfortunately,  it  happens,  chiefly  owing  to  the  use  of  apparatus 
which  has  been  insufficiently  thought  out  or  is  ill-adapted  to  the 
purpose  to  which  it  is  put,  that  the  derived  curve  can  only  be 
obtained  somewhat  inaccurately,  owing  to  supplemental  causes 
of  error,  which  are  often  considerable,  introduced  by  the  shunt 
transformer  apparatus  intended  to  supply  the  shunt  circuit  with 
electromotive  force. 

As  it  would  not  be  proper  in  an  investigation  such  as  the 
present  to  rest  content  with  a  rough  approximation,  it  appeared 
better  to  the  authors  to  register  the  direct  electromotive  force- 
time  curve  rather  than  the  derived  curve,  if  only  for  the  sake 
of  simplifying  the  experimental  arrangements. 

The  apparatus  ordinarily  in  use  in  commercial  laboratories  are 
quite  unsuitable  for  registrations  of  this  nature.  It  is,  as  a  matter 
of  fact,  necessary  to  satisfy  the  conditions  given  below,  and 
already  described  by  Professor  H.  Le  Chatelier,  some  of  which 
are  somewhat  contradictory. 

1.  The  resistance  of  the  circuit  (couple-galvanometer-coil) 
must  be  high  enough  to  allow  of  variations  in  the  resistance  of 
the  wires  of  the  couple,  and  any  perturbations  resulting  from  the 
passage  of  a  current  of  too  high  an  intensity,  to  be  ignored. 

2.  The  oscillation  period  of  the.  free  galvanometer  must  be 
very  small  in  comparison  with  the  total  duration  of  the  pheno- 
mena to  be  recorded. 

8.  The  damping  down  should  be  to  an  extent  approximating, 
so  far  as  possible,  to  the  critical  value. 

4.  The  sensitiveness  must  be  sufficient  to  afford  a  curve  of 
fairly  large  dimensions,  upon  which  readings  are  easy  and  measure- 
ments accurate. 

The  experiments  of  Benedicks,^  which  are  remarkable  from 
more  than  one  point  of  view,  were  particularly  carefully  conducted 
in  all  matters  connected  with  the  recording  apparatus.  The 
present  authors  do  not,  unfortunately,  possess  apparatus  similar 
to  that  used  by  Benedicks,  and  were  compelled  to  adapt  such 
instruments  as  were  available  to  the  special  circumstances. 
The  galvanometer  used  was  of  the  moving  coil  type,  and  possessed 
the  following  constants : 

1  Journal  of  tht  Iron  and  8tul  InaHtute,  1908,  No.  II.;   Revue  de  MitaUwyie,  1909, 
vol.vi. 
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Reristanoe  of  the  coil  ....'....     90  ohms 

Period  of  one  double  oecillatioa  of  the  ooil  outside  the  field  .  0-096  seconds 

The  magnetic  field  was  created  by  an  electro-magnet  supplied 
by  a  battery  of  accumulators.^  This  electro-magnet,  which  was 
kept  cool  by  a  stream  of  water,  was  only  excited  while  the  record- 
ing lasted,  in  order  to  avoid  the  effects  of  the  heating  of  the  coil 
and  of  the  iron  core,  a  degree  of  excitation  which,  although  in 
the  circumstances  employed,  was  only  smaD,  it  would  have  been  a 
matter  of  difficulty  to  take  into  account  for  the  purpose  of  making 
a  correction.  The  coil,  which  was  of  enamelled  copper  wire 
0'04  mm.  in  diameter,  was  very  open,  and  was  suspended  by  two 
flat  wires  of  phosphor-bronze.  It  carried  a  thin  plane  mirror, 
slightly  prismatic,  silvered  on  the  back,  and  4  mms.  in  diameter.^ 
A  lamp,  placed  in  series  with  the  winding,  reduced  the  intensity 
to  0*6  ampere  instead  of  1-5  ampere,  the  amperage  for  which 
the  appliance  was  designed. 

Fig.  6  shows  the  electro-magnet  *  and  the  galvanometric 
apparatus  dismounted  (on  the  right  of  the  figure).  Such  a  gal- 
vanometer, for  which,  perhaps,  slight  improvements  might  be 
devised,  realises  fairly  well  the  requirements  enumerated  above. 

The  deviation  of  the  spot,  with  the  authors*  platinum-platinum- 
rhodium  couple,  was  about  25. cms.  at  a  distance  of  1  metre,  for 
a  temperature  difference  of  1000°  between  the  junctions  ;  the  total 
resistance  of  the  circuit  was  about  850  ohms,  which  is  an  amount 
in  comparison  with  which  the  variations  in  the  electrical  con- 
ductivity of  the  wires  of  the  couple  are  negligible. 

In  use,  the  coil  was  perfectly  dead-beat,  and  getting  it  into 
equilibrium,  when  a  current  was  sent  through  it,  took  on  an 
average  two  seconds. 

Benedicks  has  already  shown  that  such  a  lag  does  not  deform 
the  curves  obtained"  with  his  apparatus,  and  this  practically  holds 
good  with  the  present  authors'  galvanometer.  They  have  every 
reason  to  assume  that  the  accuracy  of  this  recording  arrangement 
greatly  exceeds  that  with  which  the  couple  records  variations  of 
temperature  in  the  sample,  or  in  particular,  the  comparability  of 

^  The  field  being  slightly  affected  by  small  variations  in  the  voltage,  due  to  the  condition 
of  the  charge  in  the  batteries  (which  varied  more  or  less),  it  was  necessary  to  make  a  correction 
in  the  measurementa,  ap  will  be  described  later. 

>  A  thin  simple  lena  (a  spectacle  lena)  of  suitable  focal  length  was  placed  in  front  of  the 
mirror  to  allow  of  the  formation  of  an  imaffe. 

*  The  pole  pieces  employed  were  those  3iown  to  the  right,  below  the  magnet. 


Digitized  by 


Googk 


480      PORTEVIN  AND  GARVIN  :     INVESTIGATION  OP  INFLUENCE  OP 

the  laws  of  cooling,  either  in  the  same  or  in  similar  samples  when 
repeating  the  same  experiment. 


Fio.  6. — View  of  GalTanometcr. 

C.  Description  op  the  Experimental  Arrangements. 

The  authors  have  stated,  in  the  earUer  part  of  the  paper,  the 
general  considerations  that  guided  them  in  the  arrangement  of 
their  experimental  appliances.  The  description  of  these  arrange- 
ments will  show  how  they  have,  given  the  resources  at  their 
disposal,  applied  these  principles  under  the  best  possible 
conditions.  As  an  entirely  automatic  apparatus,  capable  of  being 
controlled  by  a  single  operator,  was  not  available,  the  authors 
divided  the  functions  of  the  two  operators  necessary,  connection 
between  them  being  (effected  by  a  convenient  code  of  signals. 
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After  some  preliminary  experiments  carried  out  in  the  metal- 
lorgical  laboratory  of  the  £cole  Centrale  des  Arts  et  Manufactures, 
with  a  simplified  and  perfectly  inadequate  set  of  appliances  they 
had  to  continue  their  work  at  the  ficole  Poly  technique,  where  the 
authorities  very  kindly  found  room  for  them  in  the  Mechanical 
Laboratory.  The  chief  reason  for  this  change  in  locality  was  that 
the  continuous  electric  current  available  at  the  £cole  Centrale 
fluctuated  somewhat,  and  was,  in  particular,  subject  to  sudden 
changes  in  voltage,  which  led  to  thickenings  in  the  width  of  the 
curve,  due  to  small  periodic  variations  in  the  intensity  of  the 
field  and  to  very  annoying  bends  due  to  accidental  variations. 
At  the  Polytechnic  the  authors  were  able  to  rely  on  a  battery  of 
accumulators  of  110  to  115  volts,  which  furnished,  out  of  the 
hours  of  charging  and  of  work  in  the  laboratories,  a  difference 
of  potential  sufficiently  constant  for  their  needs. 

As  already  stated,  the  experimental  appUances  were  arranged 
in  two  groups :  (a)  The  apparatus  for  the  heat  treatment,  and 
(b)  the  apparatus  for  checking  and  recording. 

(a)  Arrangement  of  iJie  Heat-treatrng  Apparatus. 

Fig.  7  shows  the  apparatus,  and  Pig.  8,  Plate  XXVTI.,  a 
diagrammatic  sketch.  A  heavy  base  plate  carries  four  uprights 
clamped  together  by  a  framework  at  their  upper  extremities. 
Within  these  uprights  slides  a  platform,  raised  by  a  pulley 
worked  by  hand.  This  platform  carries  the  furnace  and  the 
Meker  blast-burner  used  for  heating.  The  quenching  apparatus 
is  contained  in  a  small  vessel,  which  can  be  moved  by  slewing  it 
round  one  of  the  uprights,  so  as  to  make  room  for  the  furnace. 
This  vessel  can  be  brought  back  into  the  axis  of  the  whole 
apparatus  when  '  the  furnace  is  lowered  and  slides  vertically, 
being  guided  by  two  uprights.  These  manipulations  are  easily 
effected  by  means  of  a  handle.  Adjustable  stops  enable  these 
different  movements  to  be  given  the  necessary  range. 

The  quenching  vessel  can  hold  two  interchangeable  quenching 
baths.  One  of  these  for  "  sprinkling  "  consists  of  a  rose  cylinder 
40  mms.  in  diameter  and  containing  fifty  0*7  mm.  holes,  mounted 
on  a  screw  of  8  mms.  pitch.  The  water  enters  by  an  orifice  made 
in  the  upper  portion.    This  appliance  can  rotate  within  the  vessel, 

1919— i.  2  I 
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which  allows  of  its  being  moved  backwards  and  forwards  slightly, 
so  as  to  render  the  cooling  uniform.  It  was  very  seldom  used 
during  the  experiments.     (See  Fig.  9,  Plate  XXVIIL) 

The  second  appUance,  for  **  immersion  '*  (Fig.  10),  was  com- 
posed of  a  tube  85  mms.  internal  diameter,  into  which  water 
arrives  through  a  rose  at  the  bottom  (so  arranged  as  to  avoid  the 

i 


Fio.  7.— View  of  QiMneliing  AppMmtu. 

formation  of  a  central  jet),  and  empties  itself  by  flowing  over  the 
upper  rim.  This  apparatus  was  in  almost  constant  use,  and  had 
a  water  supply  of  2  litres  per  minute.    (Hate  XXVIII.) 

A  cross-piece  attached  to  the  upper  frame  supports  the  sample 
carrier  and  the  thermo-electric  appliance.  The  ammgement  is 
shown  on  a  large  scale  in  Fig.  11,  Plate  XXIX. 

The  samples  employed  were  in  the  form  of  turned  cylinders, 
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with  plane  ends  at  right  angles  to  their  axes,  and  three  times  the 
length  of  their  diameters  (Fig.  12).  These  cylinders  were  bored 
axially  by  a  hole  2-5  mms.  diameter,  reaching  to  their  centres  and 
capable  of  being  screwed  by  means  of  a  thread  of  4  mms.  and 
0*75  mm.  pitch  to  the  sample  carrier,^  which  was  of  steel  contain- 
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Fia.  12.~07lixulrioal  Sample. 


ing  0-4  per  cent,  of  carbon  and  80  per  cent,  of  nickel,^  through  the 
axis  of  which  passed  the  thermo-electric  stem  previously  described. 
This  stem  can  be  raised  by  a  steel  wire  clip  attached  thereto  and 
by  the  help  of  a  brass  ring,  through  which  passes  a  rack-and- 

^  A  dronkr  groove  with  a  eharp  angle,  cut  midway  aronnd  the  cylinder,  allowed  of  the 
queoohed  samplM  being  ultimately  broken  at  right  angles  to  their  axes,  at  a  plane  coinciding 
with  ^  conical  point  of  the  hole. 

s  This  metal  withstands  successiye  heat  treatments  well,  without  much  oxidatioii. 
Further,  it  does  not  undergo  transformation  at  the  temperatures  reached  by  the  samples 
in  the  authors'  experiments. 
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pinion  gear.  This  arrangement  enables  the  stem  to  be  raised  until 
its  extremity  is  entirely  hidden  within  the  sample  carrier,  which 
affords  the  possibility  of  screwing  or  unscrewing  the  samples  and 
of  cleaning  the  wires  without  risk  of  breaking  the  silica  tubes. 
On  the  other  hand,  the  stem  remains  absolutely  free  in  the  space 
containing  it,  and  rests  by  its  own  weight  on  its  extremity  directly 
the  latter  touches  the  bottom  of  the  cavity  bored  in  the  sample. 

The  wires  of  the  couple  were,  so  far  as  those  portions  not 
covered  by  the  siUca  tubes  are  concerned,  protected  by  means 
of  crystal  beads,  and  kept  in  position  by  two  porcelain  pulleys. 
Their  ends  were  clipped  together  between  the  flattened  and 
folded  surfaces  of  two  copper  rods,  and  plunged  in  two  of  the  tubes 
in  the  cold  connection- box  (Fig.  11,  right  hand),  which  consisted 
of  a  small  cylindrical  receiver  furnished  with  two  openings  and 
closed  by  an  ebonite  disc  kept  in  position  by  a  screw-cap.  This 
ebonite  disc  was  bored  with  three  holes  to  which  were  fitted, 
by  means  of  india-rubber  joints,  three  thin  glass  tubes, .the 
bottoms  of  which  were  tightly  corked.  These  tubes  contained 
a  little  mercury.  Two  of  them  served  to  receive  the  ends  of  the 
couple,  and  of  the  wires  connected  with  the  recording  chamber. 
The  third  held  a  mercury  thermometer. 

The  water  supplied  to  the  quenching  vessel  flowed  first  through 
the  connection-box,  as  shown  in  Figs.  7  and  8.  The  cold  junction 
of  the  thermocouple  was  thus  automatically  kept  at  the  same 
temperature  as  the  quenching  water,  this  temperature  being  read 
by  means  of  the  thermometer.  The  masses  involved  were  small 
enough  admirably  to  maintain  equilibrium. 

(6)  Arrangements  for  Checking  and  Recording. 

The  apparatus  was  installed  in  a  dark  room,  the  concrete 
flooring  of  which  rested  on  a  solid  arch,  and  was  practically  free 
from  vibrations.  The  instruments  were  grouped  on  two  benches, 
as  shown  in  Fig.  18. 

The  checking  bench,  a  bird's-eye  view  of  which  is  shown  in 
Figs.  14  and  15,  Plates  XXX.  and  XXXI.,  comprised : 

A  cut-off,  on  the  main  (current  =  110  volts). 

A  double-break  switch  cutting  the  current  off  the  electro- 
magnet and  that  of  the  spot  lamp. 
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A  double-pole  mercury  reversing  switch,  allowing  the  current 
from  the  thermocouple  to  flow  either  to  the  dial  galyanometer 


(which  will  be  described  later)  or  through  the  galvanometer  coil 
to  the  electro-magnet. 
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A  two-way  switch  shutting  off  the  lamp  which  Kghted  the 
moving-coil  j^vanometer  (which  had  the  effect  of  throwing  out 
of  circuit  the  clock  which  served  to  make  and  break  the  spot 
reflections,  the  magnet  which  kept  this  clock  out  of  equihbrium 
being  in  series  with  this  lamp)  and  started  the  motor  which 
drove  the  recording  cylinder.  « 

A  lan^p  interpolated  in  the  circuit  of  this  motor,  by  changing 
which  varjdng  speeds  can  be  obtained,  is  thus  turned  on.  This 
lamp  is  on  a  level  with  the  eyes  of  the  operator  who  is  about  to 
quench,  and  serves  as  a  signal  to  him  that  readings  have  begun 
to  be  taken. 

A  break  switch  interpolated  in  the  circuit  of  an  electric  bell 
allows  of  various  sound  signals  being  given.^ 

A  moving-coil  galvanometer  provided  with  a  mirror  and  a 
sharp  pointer,  for  ascertaining  the  temperature  of  the  sample 
during  heating. 

A  high-internal  resistance  battery  (zdnc  +  water  containing 
a  Uttle  zinc  chloride  +  copper)  and  a  switch  forming  the  current 
control  of  the  contact  with  the  thermocouple. 

From  this  bench  went  the  wires  connected  with  the  various 
electrical  appliances,  the  connections  being  assembled  on  two 
boards,  so  as  to  allow  of  rapid  examination  in  case  anything  went 
wrong,  which,  by  the  way,  never  happened. 

The  recording  apparatus  proper  consisted  of : 

The  electro-magnetic  galvanometer  placed  on  a  separate 
stand  to  avoid  any  vibrations. 

The  recording  cylinder,  covered  with  gelatino-bromide  paper 
and  enclosed  in  a  stout  case  containing  a  narrow  slit  furnished 
with  a  shutter.  The  mirror,  which  is  slightly  prismatic,  gives  a 
double  image,  (1)  that  from  the  reflection  from  the  silvered  back, 
which  serves  for  reading  when  the  shutter  is  open,  and  (2)  another, 
from  the  front  surface,  thrown  on  a  screen  placed  on  the  case  and 
serving  as  a  check. 

The  electric  motor  driving  the  cylinder  through  multiple 
gearing  and  tangential  screws. 

1  The  rigmJ  for  qaenohing  is  given  aatomaticallj  by  means  of  a  friction  pin  carried  on 
the  axis  of  the  recording  cylinder  and  closing  the  arouii  of  the  bell  by  contact  with  a  little 
spring.  This  arrangement  enables  several  carves  to  be  plotted  on  the  same  paper,  without 
any  danger  of  superposition,  by  altering  the  angle  of  the  stud  each  time.  It  also  affonls  a 
means  of  regolatmg  the  time  elapsing  between  the  end  of  the  heating  and  the  qnenching* 
during  which  the  sample  is  cooling  down. 
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The  spot  lamp  ^  placed  in  a  light  tight  box,  "with  a  window 
closed  by  a  spring  shutter  pierced  by  a  pin-hole.  A  rheostat 
served  to  regulate  the  intensity  of  this  lamp  according  as  the 
speed  of  the  cylinder  Varied. 

The  pendnlnm  intended  to  supply  the  factors  for  the  time 
curve,  composed  of  a  small  weight  oscillating  freely  and  capable 
of  being  drawn  from  its  position  of  equilibrinm  by  the  attraction 
of  a  small  electro-magnet,  placed  in  series  with  the  lamp  lighting 
the  checking  bench.  The  pendnlmn  rod  carried  two  adjustments, 
one  for  the  period  of  swing,  which  regulated  the  length  of  the 
pendulum  spring,  and  one  regulating  the  position  of  equilibrium 
and  allowing  the  end  of  the  pendulum,  when  at  rest,  to  be  brought 
into  the  plane  cutting  the  light  hole  and  the  wire  support  of  the 
frame.  The  latter  regulator  is  necessary  to  obtain  equispaced 
interruptions  of  the  spot  and  to  avoid  the  dashes  forming  the  curve 
being  alternatively  long  and  short. 

The  diagrams.  Figs.  14  and  15,  show  the  two  principal  stages 
in  the  working  of  the  appliances  described  above.  Fig.  14  corre- 
sponds with  the  period  of  the  heating  of  the  sample,  and  Fig.  15 
with  the  quenching  and  the  tracing  of  the  curve  (Plates  XXX.  and 
XXXL). 

D.  Conduct  op  the  Experiments. 

In  what  follows  the  two  operators  are  designated  P  and  6 
respectively.  P  carried  out.  the  thermal  treatment  and  0  the 
recording,  and  looked  after  the  connecting  signals.  They  were 
also  able  to  communicate  with  each  other  verbally,  but  only 
in  predetermined  phrases,  articulate  speech  being  exceedingly 
difficult  across  the  screen  that  separated  them. 

1.  Preparation. — P  screwed  the  sample  into  its  holder,  lowered 
the  couple,  made  the  connection,  and  asked  for  '*  contact."  6 
inserted,  when  required,  the  sensitive  paper,  put  the  cylinder  and 
its  stud  in  position,  tested  the  contact  and  signalled  one  ring  if 
the  contact  was  good  and  two  rings  if  it  were  defective.  In  the 
latter  case  P  tested  the  apparatus  and  again  asked  for  contact. 

2.  Heating  (see  Fig.  14). — P  adjusted  the  furnace,  regulated 

^  Tbe  hunp  emplojrod  oontained  a  timgtteii  filament  ooQed  into  a  spiral,  the  bulb  being 
filled  with  nitrpgen.  llui  light  haa  the  advantage  over  arc  lighting  of  being  perfeotly  steady 
and  is  yeiy  photo-aotiye,  besidee  being  bright  enough.  Its  viztoal  diameter  in  reUtioo  to 
the  hole  was  larse  enough  for  its  image  completely  to  coyer  the  mirror,  which  obviated  the 
necessity  of  emp!o3ring  a  condensing  lens  whien,  in  the  oironmstanoes,  would  absorb  the  actinic 
rays  witoont,  as  is  usnally  befieved,  increasing  the  intensity  of  the  spot. 
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the  gas  and  air  and  turned  on  the  water-tap.  6  noted  the  tem- 
perature by  means  of  the  moving  coil  galvanometer.  When  it 
exceeded  by  a  certain  amount  the  quenching  temperature,  he 
tested  the  contact  and  rang  the  bell.  P  thereupon  turned  off  the 
burner.  6  took  note  of  the  slow  cooling  of  the  sample.  As  the 
sample  reached  the  desired  temperature,  he  turned  the  switches 
and  brakes  from  right  to  left  and  opened  the  sUt  in  the  cyhnder  case. 

3.  Quenching  (see  Fig.  15). — P  being  warned  by  the  Ughting 
up  of  the  lamp  constituting  the  motor  resistance,  that  the  re- 
cording cylinder  had  started,  lowered  the  furnace  and  swung  on 
the  quenching  vessel.  On  the  stroke  of  the  bell,  given  auto- 
matically by  the  contact  stud,  P  rapidly  raised  the  vessel  and 
fixed  it  in  position  for  quenching. 

4.  End  of  Experiment. — When  the  recording  cylinder  had 
made  a  predetermined  fraction  of  a  revolution — that  is  to  say, 
at  the  end  of  a  certain  time  of  quenching  sufficient  to  cool  the 
specimen — 6  closed  the  sUt  of  the  recording  cylinder  and  changed 
over  the  switches  from  left  to  right,  thus  restoring  them  to  their 
original  position,  and  tested  the  contact.^  P,  warned  by  the  ex- 
tinction of  the  lamp,  lowered  the  quenching  vessel,  raised  the 
thermocouple,  and  unscrewed  the  sample.  He  then  proceeded  to 
clean  the  threads,  which  he  freed,  by  means  of  a  Uttle  brush,  from 
the  dust  arising  from  the  heating  and  the  quenching,  and  then  re- 
placed the  furnace.  The  heat  from  the  sides  of  the  latter  sufficed 
to  dispel  the  traces  of  moisture  resulting  from  the  condensation  of 
the  water  vapour  which  sometimes  occurred  in  the  apparatus.* 

P  then  asked  "  Dry  ? "  to  which  G  repUed  by  a  single 
ring  as  soon  as  the  needle  galvanometer  indicated  about  150^. 

The  operations  could  then  be  repeated  for  the  next  experi- 
ment. At  the  end  of  the  series,  G  gave  the  cylinder  a  turn,  the 
galvanometer  stand  being  short  circuited  and  the  pendulum  break 
switch  kept  at  a  deviation,  so  as  to  trace  a  zero  line.  There  was 
nothing  more  to  do  than  to  note  (as  was  done  at  the  beginning 
and  end  of  each  series  of  experiments)  the  temperature  of  the 
quenching  water,  the  voltage  of  the  battery  supplying  the  electro- 
magnet, and  to  develop  the  curves. 

Remarks. — As  may  be  seen  from  the  foregoing,  the  authors 

^  The  contact  had  to  be  as  perfect  after  aa  before  the  quenching,  otherwise  the  reanit  of 
the  experiment  was  deemed  doubtfuL 

*  Thib  drops  of  water  thus  formed  in  the  thin  quartz  tubes,  on  suddenly  evaporating 
A^wA,^^  the  heating  of  the  next  sample,  would  have  led  to  a  risk  of  breaking  the  couple. 
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applied  themselves  as  far  as  possible  to  attaining  automatism,  so 
far  as  the  necessary  movements  of  the  operators  were  concerned. 
This  mode  of  working  presents  nnmeroos  advantages,  which 
are  chiefly : 

1.  The  best  mode  of  avoiding  errors  and  accidents  which 
would  necessitate  the  experiments  being  recommenced. 

2.  The  reduction  to  a  minimum  of  the  influence  of  the  personal 
equation  of  the  operators. 

8.  The  shortening  of  the  experiments  by  doing  away  with  all 
groping  and  uncertainty.  The  latter  consideration  appealed  to 
them  very  greatly  as,  for  several  reasons,  they  could  only  devote 
a  very  short  time  each  day  to  the  experiments.  Be  this  as  it 
may,  they  are,  however,  convinced  that  it  is  of  great  advantage, 
in  any  investigations  involving  a  long  series  of  similar  experiments, 
to  systematise  the  latter.  The  time  spent  for  this  purpose  in  per- 
fecting the  experimental  apparatus  is  to  a  large  extent  recouped, 
the  more  so  as  much  of  the  work  can,  in  many  cases,  be  deputed 
to  careful  assistants,  when  these  are  available. 

E.  Examination  of  the  Experimental  Bebults. 

The  curves  obtained  assumed  the  form  shown  in  facsimile 
in  this  paper.  Each  dash  corresponds  with  a  time  interval  of 
0*4  second,  except  in  certain  curves  where  the  pendulum  was 
replaced  by  a  clockwork  movement  giving  interruptions  every 
five  or  ten  seconds. 

The  horizontal  lines  to  which  the  curves  are  asymptotic 
correspond  with  the  final  temperature  of  the  sample  at  the  end 
of  a  considerable  interval,  that  is  to  say,  with  the  temperature 
of  the  running  water  used  for  quenching,^  that  is,  practically, 
the  line  corresponding  with  no  current  in  the  coil  (the  temperatures 
of  the  junctions  being  equal). 

The  curves  yield,  to  begin  with,  a  certain  amount  of  infor- 
mation as  to  the  kind  of  phenomena,  particularly  as  to  the 
transformation  points  at  high  temperatures.  However,  their 
complete  interpretation  cannot  be  effected  without  a  preliminary 
transposition,  owing  to : 

1.  Variations  in  the  scales  of  the  abscisssB  (times),  owing  to 
the  rate  of  the  motor  not  having  been  absolutely  constant. 

1  This  temperature  differed  Irat  little  (6®  to  10^)  during  the  coarse  of  the  experimente. 
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2.^yariations  in  the  scales  of  the  ordinates  (temperatures) 
corresponding  with  variations  in  the  voltage  of  the  current 
supplying  the  electro-magnet. 

8.  The  non-proportionality  of  the  latter  scale. 

It  was  therefore  necessary  to  replot  the  curves  by  points. 
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Fio.  16. — ProteotiTo  Cover  for  Standardisation. 

which  could  be  done  with  considerable  accuracy,  thanks  to  the 
time  readings,  by  means  of  a  temperature  scale.  The  latter  was 
drawn  up  as  follows  : 

There  was  rigged  up  on  the  sample  carrier  the  silica  tube 
thermocouple  protector,  shown  in  Fig.  16,  and  there  was  placed 
on  a  triangle  fitted  into  the  furnace,  the  cover  of  which  was 
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removed,  a  small  craoible  filled  with  some  pure  metal  (tin  or 
antimony). 

The  silica  tube  was  plunged  into  the  metal  (which  was 
previously  melted)  by  raising  the  furnace,  and  the  thermocouple 
was  lowered  into  the  tube- 

The  crucible  being  then  allowed  to  cool  down,  the  cooling 
curve  of  the  metal  was  recorded.    These  curves  are  represented 


Fio.  17. — Stftndaidisatioii  Curres^Solidificatioa  of  Antimony  and  of  Tin. 

by  Kg.  17.  The  rise  of  the  temperature,  due  to  superfusion, 
is  clearly  seen,  even  in  the  case  of  tin.  The  irregularities  have 
been  regarded  as  corresponding  with  the  temperatures  282° 
and  681° ;  the  horizontal  line  (current  =  zero)  relates  to  the 
temperature  of  the  water,  which  circulates  through  the  junction 
box  during  the  operation. 

On  the  other  hand,  the  formula  given  by  Holbom  and  Day 
(1910),  and  stated  by  them  to  apply  to  t  >  250°,  namely, 

E  =  -  0-810  +  0-00805<  +  0-000001 72«« 
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has  been  employed  by  the  authors  in  calculating  the  electromo- 
tive forces  (millivolts)  given  by  the  couples  platinum-platinum- 
rhodium,  to  which  this  formula  appUes  for  the  temperature  dif- 
ferences t  between  the  junctions  within  the  range  282"^  to  1000''. 
The  result  of  this  calculation  is  given  below : 
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The  curve  thus  calculated  has  been  collated  with  the  original 
by  taking  it  through  the  points  : 

<=100,  E  =  0-67;  ^=200,  E=l-41. 

By  means  of  the  above  values  the  authors  have  plotted  a 
divergent  graph  giving  proportional  scales,  on  which  have  been 
plotted  the  ordinates  corresponding  with  the  perturbations  in 
the  calibration  curves.  This  method  gives  a  satisfactory  agree- 
ment, the  three  points — temperature  of  the  water,  melting  point 
of  tin,  melting  point  of  antimony — ^ranging  themselves  practically 
at  the  intersection  of  the  same  parallel  to  the  right,  carrying  the 
scale  calculated,  and  the  lines  joining  the  point  of  focus  of  the 
points  corresponding  with  the  latter  scale. 

This  gives  the  scale  of  the  temperatures  corresponding  with 
a  given  voltage  of  the  battery  supplying  current  for  the  electro- 
magnet. It  remains  to  ascertain  the  relative  correction  for  varia- 
tions in  that  voltage.  For  this  purpose  three  successive  records 
were  taken  of  the  solidification  curve  of  antimony — one  with  the 
battery  furnished  with  its  normal  number  of  elements,  one  with 
two  extra  elements,  and  one  with  two  elements  fewer.  The 
voltage  was  thus  made  to  vary  to  the  extent  of  about  +  4  volts 
of  its  average,  which  included  the  variations  due  to  the  state 
of  the  charge.  A  variation  of  1  volt  corresponded  practically 
with  a  variation  of  0*6  per  cent,  of  the  temperature  scale. 

This  gives  all  the  factors  to  draw  up  scales  corresponding  with 
each  value  of  voltage  (from  volt  to  volt)  used  in  plotting  the 
Curves.    It  was  thus  possible  to  draw  up  tables  giving  the  tempera- 
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tures  at  the  centre  of  the  sample  corresponding  with  time  intervals 
varying  in  arithmetical  progression  (generally  from  0-4  second 
by  0-4  second).  These  curves  were  replotted  with  proportional 
ordinates  and  abscisssB,  and  those  which  related  to  a  repeat  of 
the  same  experiment  could  be  superimposed.  This  superposition 
was  generally  very  satisfactory,  as  the  example  in  Fig.  18  shows, 
where  the  drawing  shows  the  points  corresponding  with  two 
superimposed  curves. 

In  order  best  to  summarise  the  results,  several  figures  of  curves 
have  been  plotted  (Figs.  19  to  28).  In  these  figures  the  convex 
portions  of  the  curves  corresponding  with  the  commencement  of 
quenching  have  been  omitted,  and  all  the  curves  have  been  cor- 
related to  one  and  the  same  point  (usually  corresponding  with 
the  temperature  of  700"^.  In  some  (Fig.  22)  the  temperature  of 
quenching  being  below  700°  extrapolated  portions  of  the  curves 
have  been  carried  up  through  the  point  in  question,  but  only 
actually  existing  portions  of  the  curves  are  shown. 

In  curves  exhibiting  anomalies  intermediate  points  have  been 
plotted  in  order  to  ensure  as  correct  a  representation  as  possible. 

Finally,  facsimiles  of  some  of  the  curves  have  been  given  in 
cases  where  only  the  nature  of  the  phenomena  was  of  interest. 
The  time  graduations  are  given  by  the  interruptions. 

Accuracy  of  the  Measurements. — The  curves  corresponding 
with  samples  which,  owing  to  their  nature  or  dimensions,  cool  more 
slowly  should  represent,  with  considerable  accuracy,  the  pheno- 
mena accompanying  the  cooling.  The  errors  should  not  exceed 
1  per  cent,  of  the  temperatures. 

With  small  samples  of  metal  cooling  rapidly  the  agreement  is 
sometimes  bad,  but  this  may,  in  the  authors'  opinion,  arise  from 
the  preponderating  influence,  in  such  samples,  of  local  and  acci- 
dental causes  affecting  the  surface  conditions.  These  causes  have 
practically  no  influence  in  the  case  of  a  quenching  lasting  some 
time,  owing  to  the  compensation  which  seldom  fails  to  occur. 
Such  errors  as  are  involved  extend  proportionally  to  the  tempera- 
ture scale,  as  it  figures  in  the  authors'  curves.  It  is  possible  that 
the  departures  from  the  normal  thermometric  scale  (the  gas 
thermometer)  may  be  somewhat  magnified,  a  matter  which  is 
not,  however,  one  of  much  importance. 
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F.  Conclusions  to  be  Dbawn  fbom  the  Fobe- 

GOING    BeBULTS. 

The  authors  endeavoured  to  ascertain  whether,  as  Mr. 
McCance  had  suggested,^  the  results  obtained  could  be  expressed 
with  sufficient  accuracy  by  a  mathematical  formula  containing  a 
single  parametric  function  of  the  dimensions  ^  and  those  of  the 
physical  properties  of  the  sample.*  If  this  were  so,  the  tempera- 
ture 6  at  the  instant  i  for  a  given  quenching  temperature  would 
take  the  form 


0 


=K0 


\  being  the  parameter  in  question.    If,  then,  T  =  ~.  be  taken  as 

the  variable,  all  the  cooling  curves  will  have,  as  an  equation, 
d  =z=  p  (T),  and  will  therefore  be  superposable. 

In  other  words,  the  curves  corresponding  with  the  quenching 
of  different  samples  under  identical  conditions  should  differ  only 
in  the  scale  of  their  abscissas. 

Unfortunately,  this  hypothesis  does  not  agree  with  the  facts, 
and  is  only  appreciably  true  in  regard  to  samples  having  much  the 
same  diameters  when  of  the  same  metal,  or  possessing  somewhat 
similar  physical  properties  if  they  are  of  different  metals. 

The  authors  have  indeed  plotted  the  set  of  curves  represented 
in  Figs.  24  and  25,  and  deduced  therefrom,  by  a  variation  in  the 
scale,  the  abscissae  of  quenching  curves  at  750°/10°,  corresponding 
with  a  sample  (d  =  16)  in  steel  containing  4*30  per  cent,  of  nickel 
and  in  a  sample  of  nickel  {d  =  20) — ^that  is  to  say,  samples  cool- 
ing at  a  relatively  slow  rate.  If  the  attempt  be  made  to  super- 
pose these  curves  on  the  experimental  curves  corresponding  with 
samples  cooling  at  a  rate  appreciably  greater  than  those  referred 
to,  it  is  found  that  the  former  fall  more  rapidly  than  the  latter 
at  low  temperatures,  whereas  the  gradient  at  the  commencement 
of  the  cooling  is  the  same.    If  a  set  of  curves  (Fig.  26)  be  plotted — 

^  Journal  cf  the  Iran  and  8Ud  IiutihUe,  1914,  No.  I.  p.  192. 

*  Giyen  the  shape  adopted  for  the  autJion'  samples,  their  dimensions  are  wholly  deter- 
mined by  the  valoe  of  the  diameter  d.  This  diameter,  which  Taries  between  8  mms.  and 
20  mms.,  is  ffiyen  in  each  case,  as  is  also  the  nature  of  the  metal. 

*  Which  u  assonled  to  be  transfonnable  within  the  temperatures  traTersed. 

1919— i.  2  K 
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corresponding,  for  example,  with  a  quenching  at  750°/0° — of 
samples  haying  different  parameters^  \,  according  to  the  formula 


given  by  Mr.  McCance,^  the  superposition  becomes  worse  than 

i  This  oaloulation  wm  made  bj  means  of  the  formula : 
^ -760       1.608  X  10"a  -  1065  X  lo" "x  +  0-853  X  lO" "'\  - 0-732  X  lO' " *'xj 
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ever.    This  result  is  not  really  surprising:    Fourier's  theory 
assumes,  indeed : 

(a)  That  the  physical  properties  of  bodies  do  not  change 
appreciably  within  the  temperature  interval  in  question,  and 


}:)     1      i     3      4      5     e     7     a      9     10    11     12    13    14    J5 

Fio.  27.— laflaenoe  of  the  Quenching  Temperature  on  the  Cooling  of  Ferro-niokel. 

(b)  That  the  cooling  fluid  maintains  a  more  or  less  uniform 
temperature, 

conditions    that    only    apply  4n    the    case  of    quenchings  at 
700°  or  800^ 

If,  therefore,  it  is  intended  to  study  (as  will  be  done  later)  the 
influence  of  the  liberations  of  internal  heat  arising  from  trans- 
formations in  the  metal  of  the  sample,  on  the  law  of  cooling, 
there  must  be  taken,  as  a  basis  of  comparison,  samples  of  a  metal 
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which  is  not  transformable  at  the  temperature  traversed,  and 
such  that,  given  the  same  diameter,  the  rate  of  cooling  is  in  the 
neighbourhood  of  that  of  the  sample  metal. 

To  revert  to  the  authors*  curves  relating  to  non-transformable 
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Flo.  28. — CurrM  of  Air  cooling  at  the  Centres  of  Cylinders  of  different  Diameters,  starting 
from  00(^  in  a  Steel  apraoaohing  Entectic  Composition  (carbon,  1-07  per  cent).  Pro- 
greeeiTD  lowering  of  the  Reoaleecenoe  Temperatnre  (Ai3,24). 

metals,  Fig.  27  shows  that,  as  already  pointed  out  by  Professor 
Le  Ghatelier,  the  rate  of  cooling  increases  with  the  temperature 
of  quenching. 

It  was,  on  the  other  hand,  of  interest  to  ascertain  the  influence 
of  the  dimensions  of  the  sample  on  the  average  rate  of  coolings 
betwee^n  two  given  temperatures.  The  authors  therefore  plotted 
the  graphs  (Fig.  28)  by  taking  as  the  abscisssB  the  diameters  of 
the  samples,  and  as  ordinates,  the  period  of  cooling  between 
two  temperatures  (shown  on  the  graph).    For  samples  of  very 
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pure  metals  of  high  conductivity  the  points  obtained  are  practically 
along  a  straight.line,  and  do  not  pass  through  the  point  of  origin. 
For  alloys,  or  pure  but  badly  conducting  metals,  the  points  are 
more  or  less  in  line  with  the  starting-point. 


PART  II. 

THE  EXPERIMENTAL  INVESTIGATION  OF  THE 
QUENCHING  OF  CARBON  STEEL. 

L  Introduction  and  Enunciation  op  the  Problem. 

The  result  of  the  operation  of  quenching,  which  consists 
essentially  of  the  more  or  less  rapid  cooling  of  the  steel  from 
a  temperature  T,  which  we  will  call  the  temperature  of  the 
commencement  of  the  quenching,  depends  upon  two  given  con- 
ditions : 

(1)  A  complete  definition  of  the  state  of  the  metal  at  the 

commencement  of  quenching — that  is  to  say,  at  tern* 
perature  T. 

(2)  The  law  of  cooling. 

The  authors  are  for  the  present  concerned  solely  with  the 
question  of  the  law  of  cooling,  although  it  is  necessary  to  bear 
ill  mind  what  is  implied  in  the  knowledge  of  the  state  of  the 
metal  at  the  temperature  T.  They  will  have  to  revert  to  this 
point  in  their  final  conclusions  on  the  research. 

This  state  depends,  as  a  matter  of  fact,  on  the  chemical  com- 
position and  on  the  history  of  the  previous  heat  treatment  of  the 
steel.  It  can  therefore  be  known  when  the  following  factors 
have  been  stated : 

(a)  The  complete  chemical  composition. 

{b)  The  initial  state  of  the  metal — that  is  to  say,  its  internal 
condition  at  the  commencement  of  the  heating  which 
precedes  the  quenching 

(c)  The  law  of  heating  according  to  which  the  metal  has 
been  brought  from  the  surrounding  temperature  to 
the  temperature,  T,  of  the  commencement  of  quench- 
ing, and  notably  the  maximum  temperature  attc^ined. 
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during  the   heating,  and  the  period  at  which   it  has 
remained  at  that  temperature.^ 

In  the  experiments  to  be  described  subsequently  the 
starting-point  has  always  been,  in  the  case  of  each  steel  studied, 
the  same  initial  state.  Also,  the  term  ''  a  given  steel ''  will 
imply,  in  the  sequel,  a  constant  chemical  composition  and  initial 
state.  Further,  every  attempt  has  been  made  to  render  the 
heating  conditions  for  all  samples  of  the  same  size  identical,  and 
to  render  them  similar  in  geometrically  similar  pieces.  These 
conditions  of  heating  have  been  described  in  the  account  given 
in  the  first  part  of  this  paper,  of  the  experimental  arrangements. 

Law  of  Cooling. — The  law  of  cooling  depends,  for  a  given  steel, 
on  the  following  factors  :  ^ 

(a)  Temperature  at  the  commencement  of  quenching,  or 
initial  quenching  temperature. 

{b)  Mass,  form,  and  dimensions  of  sample. 

(c)  Position  of  a  given  point  in  the  interior  of  the  sample. 

(d)  Nature  of  the  bath — that  is  to  say,  of  the  medium  in 
which  quenching  takes  place — ^which  acts  according  to  its  physical 
properties,  particularly  its  specific  heat,  its  latent  heat  of 
vaporisation,  its  conductivity,  and  its  viscosity. 

(e)  The  temperature  of  the  bath,  which  may  vary  during 
the  process  of  cooling,  according  to  the  respective  masses  of  the 
bath  and  of  the  sample. 

(/)  'Agitation  of  the  bath  in  relation  to  the  sample. 

(g)  State  of  the  surface  of  the  sample. 

(h)  Temperature  at  the  end  of  the  cooling,  or  final  quenching 
temperature,  or  emersion  temperature. 

TUis  law  of  cooling  is,  for  a  given  point  within  the  sample, 
absolutely  defined  by  its  representative  curve  t  =  f  (z),  giving 
the  variation  of  the  temperature  t  in  terms  of  the  time  z. 

For  the  laws  of  similar  cooling  it  would  be  sufficiently  defined 
by  the  average  rate  of  cooling  between  two  given  temperatures 
or  by  its  reciprocal — that  is  to  say,  by  the  time  necessary  to 
traverse  a  given  temperature  interval, 

^  See  Portevin,  "  Influence  of  the  Time  of  Heating  before  Qnenohing  on  the  ResnltB  of 
that  Operation,"  BuUetin  of  the  SodiU  dPSneouraganent,  1014,  vol.  czxi.  p.  207 ;  and  Bevue 
dt  MkaUurgie,  1916,  toI.  xiiL  p.  9. 

*  See,for  farther  information  on  this  8abject,the  works  of  Osmond  and  of  H.  Le  Oiatelier. 
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The  authors  have  adopted  as  a  symbol  of  the  rate  of  cooling 
the  time  which  elapses  during  the  passage  from  700°  to  200"^, 
which  is  designated  by  t  (700°-200''),  or  by  the  symbol  t  alone. 

In  earlier  researches  on  the  rates  of  quenching  investigators 
chose,  for  this  purpose,  the  temperatures  700°  and  100°.  The 
authors  have  selected  a  temperature  100°  higher  than  the  latter 
because,  having  extended  the  experiments  to  samples  of  largei 
mass,  the  gradient  of  the  curve,  on  the  uniform  scale  adopted  for 
all  the  samples,  became  very  small,  particularly  when  there  was  a 
liberation  of  heat  at  a  low  temperature,  of  which  mention  will  be 
made  later.  Very  little  inaccuracy  is  thus  introduced  in  the 
graphic  determination  of  the  abscissae  corresponding  with  the 
ordinate  100°. 

Given  the  foregoing,  two  problems  arise : 

1.  How  does  the  law  of   cooling,  or  the  value  of  r  vary 

with  the  value  of  the  factors  enumerated  in  (a)  to  {h) 
above  ? 

2.  What  relation  exists  between  r  and  the  final  state  of  a 

given  steel  and  a  given  initial  cooling  temperature, 
this  final  state  being  determined  by  the  hardness  and 
the  micrographical  appearance  ? 

It  is  the  first  of  these  two  problems  which  has  hitherto  engaged 
the  attention  of  experimenters.  The  researches  of  H.  Le  Ghate- 
lier,^  followed  by  those  of  Lejeune  ^  and  Benedicks,'  have  investi- 
gated and  thrown  light  on  the  influence  of  the  factors  enumer- 
ated above,  on  the  law  of  cooling  and  on  the  value  of  t.  At  present 
enough  information  has  been  acquired  on  this  subject  to  allow  of 
the  law  of  cooling  of  any  sample  submitted  to  quenching  being 
varied  as  desired  and  in  any  direction  sought.  This  is,  however, 
only  a  means — ^what  is  wanted,  in  the  quenching  operation,  is 
to  give  the  metal  the  qualities  it  is  desired  it  should  possess, 
which  depend  on  the  state  attained  to  by  quenching.  In  other 
words,  it  is  necessary  to  know  the  relation  between  r,  a  value 
variable  within  certain  limits,  at  will,  and  the  properties  of  the 
quenched  metal.  These  properties  are  characterised,  as  has  been 
already  said,  by  hardness. 

1  Revne  de  MHaUurifie,  1904,  vol.  i.  p.  473.  >  IbitU,  1005,  toL  ii.  p.  290. 

*  Ibid.,  1000»  ToL  vi  pp.  182  and  862. 
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It  is  therefore  the  second  problem  which  is  under  investiga- 
tion here,  the  investigation  of  the  relation  which  exists  between  t 
the  microstructure  and  the  hardness  after  quenching — or  in  other 
words,  the  influence  of  the  rate  of  quenching  on  the  state  after 
quenching. 

This  state  after  quenching  is  the  direct  and  immediate  conse- 
quence of  the  transformations  which  take  place  in  the  course  of 
cooling ;  we  are  thus  naturally  led  to  investigate  the  effect  of 
the  rate  of  cooling  on  the  mode  in  which  these  transformations 
take  place,  and  this,  as  already  stated,  will  depend  on  the  initial 
state  at  quenching — that  is  to  say,  the  temperature  at  the  com- 
mencement of  quenching  and  the  initial  state  of  the  metal,  so 
that  the  problem  can  be  accurately  stated  in  the  following  terms  : 
In  a  given  steel,  how  will  (1)  the  transformations  in  the  course 
of  the  cooling  during  quenching,  and  (2)  the  structure  and  hard- 
ness of  the  steel  after  quenching,  vary,  in  terms  of  the  rate 
of  cooling,  indicated  by  r,  and  of  the  initial  temperature  on 
quenching  ? 

Reciprocally,  we  shall  be  led  to  revert,  incidentally,  to  the 
former  problem,  by  showing  the  reaction,  on  the  law  of  cooling 
and  on  the  duration  of  the  quenching  r,  of  the  mode  of  occur- 
rence of  the  transformations  during  the  quenching,  and  of  the 
dimensions  of  the  sample. 

The  problem  thus  stated  has  been  experimentally  dealt  with 
in  regard  to  chromium  steels  by  Messrs.  Greenwood  and  Kikkawa,^ 
and  for  nickel-chromium  steels  by  Maslo£f,^  and  for  the  latter 
steels,  collectively,  by  one  of  the  present  authors.' 

These  investigations,  however,  relate  to  steels  in  which  the 
hardening  by  quenching  takes  place  at  relatively  slow  rates  of 
cooling,  obtained  in  the  air,  and  in  the  course  of  easily  observable 
phenomena.  In  the  present  instance  the  authors  dealt  almost 
entirely  with  carbon  steels,  in  regard  to  which  hardening  by 
quenching  takes  place  only  by  immersion  in  water — that  is  to  say, 
for  total  periods  of  cooling  which  are  incomparably  shorten 

1  Journal  of  the  Iron  and  Sted  InstituU,  1014,  No.  L  p.  608  ;  1916,  No.  L  p.  114* 
*  Revtu  dt  la  Sodki  Mitallt$rff%que  Russe,  1916,  toI.  i.  p.  496. 
s  PorteTii],  Bewe  de  MttaUvrgie,  1917,  p.  707. 
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II.  Experimental  Conditions. 

The  experimental  arrangements  have  been  fully  described 
in  the  first  part  of  this  memoir,  to  which  reference  should  be 
made  for' all  details.  As  before,  the  samples  used  were  always 
geometrically  similar,  and  consisted  of  cylinders  whose  length 
was  three  times  their  diameter,  and  the  law  of  cooling  of  the 
centres  of  which  was  studied.  After  quenching,  the  samples 
were  broken  in  half,  without  appreciable  deformation,  by  means  of 
the  little  groove  cut  around  them  midway,  and  after  polishing 
the  surface  at  right  angles  to  the  axis,  and  cutting  the  cylinder 
along  the  plane  of  the  bottom  of  the  hole,  it  was  possible  to  study 
the  exact  spot  within  the  metal  which  had  been  in  contact  with 
the  junction  of  the  thermocouple,  that  is,  the  point,  the  cooling 
curve  of  which  had  been  recorded. 

Further,  the  examination  of  the  whole  of  this  section  furnished 
information  as  to  the  depth  of  the  hardening^  the  geometrical  con- 
ditions h=Qd  being  more  than  sufficient  to  eliminate  any  pertur- 
batory  influence  due  to  the  cooling  of  the  ends  of  the  cylinder. 

Benedicks'  experiments  afford  interesting  information  in 
regard  to  the  necessary  degree  of  accuracy  to  be  attained  in  the 
measurements. 

Durations  of  Cooling. — The  durations  of  cooling,  t,  are  only 
actually  known  within  0*2  second,  more  or  less,  for,  as  Benedicks 
says  in  his  study  of  cooling,  **  Although  the  instrument  used  was 
capable  of  working  to  the  second  decimal,  still  even  the  first 
decimal  of  any  one  r  determination  cannot  be  guaranteed." 

In  addition,  the  present  authors  give  below  the  results  of 
two  of  Benedicks'  experiments,  which  are  in  this  connection 
particularly  suggestive : 


No. 

Per  Cent. 

Gin  the 

Steel. 

Dimenrions  of 
Sample. 

Time  of 
Heating. 
(Mins.) 

Tempera* 

tnre  of 
Quenching. 

Tempera- 
ture of 
Water. 

700*-100* 
Seoonda. 

Length. 
Mm. 

Diameter. 
Mm. 

B8 
B9 

1-33 
1-33 

60 
60 

6-2 
6-2 

12 
12 

849 
848 

13-0 
13-6 

6*42 
667 

Thus,  with  conditions  of  quenching  which  should  be  considered  as  strictly  identioaL  r 
▼aries  0*76  second  from  one  experiment  to  another.  The  authors  haye  not  had  such  diner* 
enoes  in  their  repeat  experiments,  even  when  the  quenching  temperfttores  have  yaried  by  20^, 
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Temperatures  of  Quenching. — The  accuracy  of  tlie  temperature 
measurements  in  quenching  does  not  need,  therefore,  to  be  so 
great.  In  the  authors'  experiments  they  are  comparable  within 
about  5°  in  the  same  series  of  experiments,  which,  as  will  be  seen, 
is  quite  sufficient  to  guard  the  conclusions  arrived  at  from  any 
criticism  on  this  account. 

Besides  this,  the  influence  of  the  initial  temperature  of  quench-^ 
ing  on  the  duration  of  the  cooling,  an  influence  which  is  clearly 
brought  out  in  the  first  part  of  this  paper  (see  Fig.  27),  appears 
to  be  neither  very  important  nor  particularly  noted  in  Benedicks' 
experiments.  The  figures  he  quotes  in  support  of  his  conclusions 
are  as  follows : 

rr  X  .  ^        , .  Duration  of  Quenching  from 

Temperature  of  Quenching.  hqqo  ^  iQ(j^, 

960  307' 

845  4-43 

760  411 

A  rise  of  temperature  of  100°  gives  by  experiment  a  diminu- 
tion of  0-82  second,  and  an  increase  of  1'85  second.  Here,  again, 
the  inevitable  experimental  errors  are  of  a  higher  order  than 
those  of  the  measuring  instruments. 

Dimensions  of  the  Samples. — Except  in  the  case  of  one  experi- 
ment, all  Benedicks'  tests  were  carried  out  on  samples  having 
a  diameter  below  8  mms.  His  important  work  is  remarkably 
complete,  and  it  is  useless  again  to  traverse  a  field  so  well  ex- 
plored. On  the  other  hand,  the  authors  wished  to  work  with 
average  rates  of  cooling  varying  within  much  wider  limits,  and 
the  diameters  selected  range  from  8  mms.  and  20  mms. 

Chemical  Composition  of  Steels  Studied. — The  steels  were  all 
crucible  steels,  and  the  results  of  their  chemical  analyses  are 
given  in  Table  I.  below.  Each  steel  is  designated  by  a  letter 
(a  to  i). 

Qiker  Experimental  Conditions, — It.  results  from  H.  Le 
Chatelier  and  Benedicks'  experiments  that  the  duration  of  the 
heating,  the  temperature  of  the  quenching  water,  and  the  rate  of 
the  agitation  of  the  water  in  relation  to  the  sample  will  exert  only 
a  ne^gible  influence  on  the  rate  of  cooling.  This  notwithstanding 
it  will  be  seen,  from  the  description  of  the  authors'  experimental 
arrangements/ that  these  factors  were  maintained  as  constant  and 
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as  comparable  as  possible.    The  temperature  of  the  water  was 
nearly  always  10"^  ±  2°.    In  exceptional  cases  it  fell  to  5*^. 


Table  I. 

^Analysis  of  the  Steels  Investigated. 

Description 
of  theSteeL 

c. 

Mn. 

Si. 

S. 

P. 

a 

010 

0-42 

0-06 

0-027 

0-010 

h 

0-19 

0-15 

001 

0-027 

0-011 

c 

0-88 

019 

019 

0-027 

0-014 

d 

0-60 

018 

0-00 

0-019 

0016  traces  of  nickel 

e 

0-56 

0-26 

0-28 

0-043 

0-019 

f 

0-81 

0-21 

0-38 

0018 

0-020 

g 

107 

0H)8 

0-29 

0-019 

0030 

h 

110 

0-40 

0-48 

0-032 

0-017 

i 

l-4ff 

0-20 

017 

0-037 

0-014 

III.  The  LqwERiNO  op  the  Transformation  Point. 

From  Osmond's  researches  we  know  that  the  transformation 
points  are  lowered  when  the  rate  of  cooling  is  increased,  which 
is  likewise  a  general  fact  as  regards  all  equilibrium  reactions. 

Take,  for  example,  a  steel  in  the  neighbourhood  of  the  eutectic 
(steel  /  or  g,  Table  I.),  and  let  cylinders  of  decreasing  diameters 
be  cooled  in  air,  starting  from  the  same  temperature  of  900°,  so 
as  to  obtain  increasingly  rapid  rates  of  cooling.  It  will  be  found, 
as  is  shown  in  the  curves  in  Fig.  28,  that  the  recalescence  point 
ArS,2,l  becomes  gradually  lowered.  The  rate  of  this  lowering 
may  be  expressed  thus  : 


Period  required  to 

Temperatures 

Diameter  of 

at  the  Beginning  of 

the  Reoaleeoenoe. 

Degrees. 

at  the  Bfaximum  of 
Ar3,2,L  Degrees. 

Cylinder.    Mms. 

900»-700*» 
SeoondB. 

800*»-600° 
Seconds. 

20 
16 
12 
8 

73 
66 
40 
24 

31 
25 
18 
13 

686 
686 
670 
650 

707 
700 
690 
680 

It  may  be  noted,  incidentally,  that  the  times  required  for 
the  temperatures  of  the  samples  to  fall  lOO^^  outside  the  trans** 
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formation  rangei  are  practically  proportional  to  the  diameters 
of  cylinders  geometrically  similar.  In  these  circmnstances  the 
transformation  temperature  Ar8,2,l  becomes  gradually  lowered 
in  proportion  as  the  average  rate  of  cooling  increases,  but  care 
should  be  taken  not  to  regard  this  phenomenon  as  subject  to 
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Fio.  29.~CQrves  of  Air  cooling  at  the  Centres  of  different  Soft  Steel  Cylinders  (carbon. 
0-10  per  cent),  starting  from  900°. 

extrapolation,  for,  as  will  be  seen  later,  when  water  quenching  is 
involved — ^that  is  to  say,  rates  of  cooling  at  which  the  temperature 
interval  600°  -  500°  can  be  traversed  in  time  periods  of  the  order 
of  one  second — ^it  will  be  found  that  the  transformation  point  is 
no  longer  visible  at  a  high  temperature  on  the  curves  (steel  /), 
or  still  subsists  towards  650°  (steel  g).  This  leads  us  to  fore- 
shadow a  discontinuity  in  the  law  of  the  lowering  of  the  trans- 
formation point,  or  at  least  a  variation  in  this  lowering  which  is 
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not  a  gradual  one,  which  brings  us  to  the  conception  of  what  wd 
call  the  **  critical  speeds  of  quenching." 

Figs.  29  and  80  bring  out  the  phenomena  of  the  lowering  of 
the  transformation  point  for  steels  with  a  lower  carbon  content 
(Rg.  29,  steel  a,  with  0*10  per  cent,  of  carbon  ;   Kg.  80,  steel  &, 
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Fia.  30.— Carves  of  AJr  cooling  at  the  Centres  of  Mild  Steel  Cyllndeis  (carbon,  0*19 
per  cent.),  starting  from  900^ 


with  0*19  per  cent,  of  carbon).  The  variations  in  the  rates  of 
cooling  were,  in  these  instances,  obtained  by  acting  both  on  the 
diameters  of  the  cylinders  and  on  the  external  conditions  (cooling 
in  air,  or  in  the  warm  oven). 

There  is  a  simultaneous  lowering  of  two  points  Ar8,2  and  Arl 
(Kg.  29),  or  of  the  three  points  Ar8,  Ar2,  Arl  (Fig.  80)  in  the 
curves.  This  lowering  is,  between  the  first  and  the  third  curve 
in  each  figure,  about  80"^. 
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Setting  aside  mild  and  dead  soft  steels  for  which  the  ab- 
normalities of  the  curves  rapidly  become  imperceptible  as  the 
rates  of  cooling  increase,  the  authors  will  now  deal  with  very 
rapid  coolings — ^that  is  to  say,  with  quenching  properly  so  called. 
What  is  important  to  remember  is  the  continuity  in  the  lower- 
ing of  the  transformation  point  on  cooling,^  so  long  as  this  point 
is  above  600°,  which  shows  that,  in  this  case,  the  phenomenon 
involved  is  always  the  same. 

IV.  Conception  of  the  Critical  Eates  of  Cooling. 
The  Formation  oj  Troosiite  and  oj  Martensite. 

In  order  that  the  phenomena  about  to  be  described  shall 
be  thoroughly  understood,  the  authors  will  begin  by  explaining 
a  series  of  examples,  thus  following  the  course  adopted  in  their 
experiments,  and  enunciating,  step  by  step,  the  views  and  the 
conclusions  to  which  they  gave  rise. 

1,  The  HypereuiecHc  Steel  g,  mih  1-07  per  Cent,  of  Carbon  and 
0*08  per^Cent.  of  Manganese,  Quenched  at  about  750°. 

This  first  series  of  experiments  was  the  most  complete,  inas- 
much as,  in  order  to  restrict  the  examination  of  the  phenomena, 
the  authors  selected  for  study  the  cooling  of  cylinders,  the 
diameters  of  which  varied  by  2  mms.  and  sometimes  by  1  mm. 
In  Kg.  81  there  have  been  reproduced  the  typical  curves  ascer- 
tained for  the  centres  of  the  samples,  and  in  the  table  below  are 
given  the  average  corresponding  characteristics  : 


Diunetanof 

Na  of  the 
Curyein 
Fig.  31. 

T 

Temperature  of 
the  AbnormaUnr 

thaSamplee. 

700^-200°. 

diatinoUy  Visible 
in  the  Curve. 

Chief 
Constituent.* 

Mma. 

Degrees. 

8 

1 

4-4 

... 

M 

10 

2 

5-5 

... 

M 

12 

3 

6-2 

... 

M 

13 

4 

6-6 

... 

M 

14 

6 

6-9 

635 

M  +  T 

16 

6 

80 

655 

T 

18 

7 

9-2 

665 

T 

20 

8 

10-3 

665 

T 

1  See  also  Howe  and  Levy,  Journal  of  the  Iron  and  SUd  InstUute,  1916,  No.  11.  p.  210. 
*  M  -  martensite ;  T  «  troostite. 
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The  initial  temperatures  on  quenching,  that  is  to  say,  the 
temperatures  at  the  commencement  of  rapid  cooling  by  immersion 
in  water,  were  on  the  average  750^ ;  it  was  found  in  different 
experiments  that  a  difference  of  40""  had,  in  the  case  of  this  steel, 
no  appreciable  influence  on  the  form  of  the  ciur^es,  or  on  the 
abnormalities  they  presented.^ 

From  the  point  of  view  of  the  microstructure  the  principal 
constituent  is  given^— that  is  to  say,  that  which  forms  almost  the 


Time. 

Fio.  31. — ^AveragG  Cooling  CurreB  at  the  Oenties  of  g^metrically  nmikr  Qylinden  of  Steel 
oontaining  1*07  per  cent,  carbon  and  0'06  per  cent,  manganese,  quenched  in  water. 

whole  of  the  preparation  at  the  centre  of  the  sample.  There  are 
sometimes  seen  in  the  martensite  small  patches  of  troostite,  and 
in  the  troostite  erratic  areas  of  martensite.  The  authors  will 
revert  to  these  'details  later ;  what  is  here  under  consideration  is 
the  general  appearance,  apart  from  little  incidental,  fortuitous, 
and  accidental  local  anomalies. 

Fig.  82  gives  a  facsimile  of  four  curves  recorded  on  the  same 
paper  relating  to  cylinders  with  increasing  diameters  which, 
counting  from  left  to  right,  were  8,  12,  16,  and  20  mms.  The 
samples  of  8  mms.  were  quenched  at  a  lower  initial  temperature 

1  In  the  case  of  the  cylinder  with  diameter  «  13  mms.  (carve  Na  4 ;  r  «  6'6),  only  mm 
experiment  was  made  at  a  quenching  temperature  of  760**. 
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than  the  others,  which  shows  that  this  factor  does  not,  in  these 
circumstances,  influence  the  appearance  of  the  phenomena,  a 
point  to  which  further  reference  will  be  made  later. 

The  general  considerations  which  arise  can  be  summarised  as 
follows  :  (a)  We  will  examine  the  curves  in  Fig.  31,  in  the  order 
of  increasing  rates  of  cooling — ^that  is  to  say,  in  the  order  of  the 


Fia.  32. — Faofliimle  of  Caryes  recorded  from  the  commenoement  of  the  Quenohing  of  the 
i  Steel  (Fig.  31)  in  Cylinders  of  8,  12,  16,  and  20  mm.  in  diameter. 


decreasing  diameters  of  the  samples.  In  curves  8,  7,  6,  and  5 
(diameters  20  mms.  to  14  mms.  T,  from  10^8  to  6-9  seconds) 
there  wiU  be  seen,  at  temperatures  in  the  neighbourhood  of  650^, 
a  transformation  point  very  clearly  shown  in  the  usual  manner 
by  a  well-marked  bend.  This  is  the  recalescence  point,  which 
tends  to  lower  in  proportion  as  the  rapidity  of  the  cooling  increases 
within  the  limits  given,  but  which,  nevertheless,  remains  at  a  high 
temperature.  Then,  suddenly,  in  curves  4,  8,  and  2  this  anomaly 
completely  disappears,  the  curve  is  absolutely  regular  down  to 
1919— i.  2  L 


Digitized  by 


Googk 


514      PORTBVIN  AND  GARVIN  I    INVESTIGATION  OF  INPLUBNCB  OF 

about  350°,  without  any  Kberation  of  heat  discernible  even  by 
the  method  of  comparison  with  the  cooling  curves  of  metals  not 
undergoing  any  transformation — a  comparison  made  according 
to  the  details  given  in  the  first  part  of  this  paper.  On  the  other 
hand,  it  will  be  seen  that  the  form  of  the  lower  portions  of  the 
curves  below  800°  to  850°  is  altered.  This  is  particularly  notice- 
able on  comparing  curves  Nos.  4  and  5,  which  are  side  by  side  in 
the  figure.  There  is  a  ^adual  diminution  in  the  gradient  of  the 
curve,  showing  a  gradual  liberation  of  heat  at  low  temperatures, 
and  this  is  shown  directly  by  the  method  of  comparison,  which 
reveals  the  anomaly  in  a  clearly  marked  manner.  Fig.  40  supplies 
an  example  for  a  steel  in  a  succeeding  series  of  experiments.^ 

Thus,  the  transformation  taking  place,  to  begin  with,  at  a 
high  temperature,  is  suddenly  relegated  to  lower  temperatures 
when  we  pass  from  the  sample  with  a  diameter  of  14  mms.  to 
one  with  18  mms.,  while  still  maintaining  constant  the  external 
conditions  of  quenching;  this  corresponds  with  a  very  slight 
time  variation  of  6*9  seconds  to  6-6  seconds. 

It  may  therefore  be  said  that  there  exists  a  critical  range,  in 
the  rate  of  cooling,  at  which  the  thermal  phenomena  character- 
ising the  internal  transformations  change  their  nature  and  their 
position  in  the  temperature  scale  suddenly,  which,  for  the  sake  of 
brevity,  the  authors  have  termed  the  critical  rate  of  quenching 
under  a  definite  crUicdl  state  of  quenching  and  law  of  cooling.  For 
simplicity,  we  will  call  Ar'  the  anomaly  distinctly  visible  on  the 
curves  at  about  650°,  and  Ar"  the  change  in  the  appearance  of  the 
curves  at  about  800°,  without  for  the  moment  in  any  way  pre- 
judging the  nature  of  the  corresponding  transformations.' 

(b)  The  sudden  change  that  takes  place  in  the  internal  thermal 
phenomena  can  be  indirectly  revealed  by  an  examination  of  the 
periods  of  cooling.  When  an  evolution  of  heat  takes  place  at  a 
low  temperature  its  influence  on  the  duration  of  the  cooling  is 

^  In  oonres  gjven  later  much  more  marked  examples  of  this  dimlnation  of  the  gradient 
will  be  giren.  The  progressiTe  diyeigenoe  whioh  exists  at  low  temperatnns,  in  the  experi> 
mental  cooling  curree  plotted  bv  Ben^icks  for  a  steel  with  1  per  cent,  of  carbon,  in  cylinders 
6*6  mms.  in  diameter,  and  the  theoretical  onr^es  as  calculated  oy  MoCanoe  are  not  due  solely, 
as  the  latter  states,  to  a  rise  in  the  temperature  at  the  surface  resultinff  from  incomplete 
agitation  of  the  liquid,  but  also  to  a  progressiTe  internal  evolution  of  heat,  accompanied 
by  the  formation  of  martensite,  whioh  hM  completely  escaped  the  attention  of  these  two 
obseryers. 

*  This  notation,  similarly  adopted  by  Caieyenard  {Revue  de  MHaUwrgie,  1017,  toL  zir. 
p.  610),  corresponds  with  that  employed  by  Dejean  {ibid.,  p.  641)  under  the  terms  point  A 
and  point  B.    Thtf  terms  selected  appear  to  the  authors  preferable  to  the  latter. 
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much  greater  than  if  an  equal  or  even  a  greater  quantity  of  heat 
had  been  liberated  at  a  high  temperature.  (See  note  1  in  the 
Appendix.)  The  relegation  of  the  thermal  anomaly  to  a  low 
temperature  should  therefore  reveal  itself  on  the  curves  t  =/  (d), 
giving  the  duration  of  the  cooling,  t,  from  700°  to  200°  in  terms 
of  the  diameter  of  the  sample.  This  is  shown  in  Fig.  88,  where 
the  representative  points,  which  to  begin  with  he  along  a  straight 
line,  the  continuation  of  which  passes  through  the  point  of  origin, 
end,  in  the  case  of  diameters  greater  than  14mms.,  by  falling  along 
another  straight  line. 

Benedicks  finds  that  r  is  proportional  to  the  mass  of  the 
samples,  and  that  it  i%  very  Uttle  influenced  by  the  surface,  the 
variations  in  the  masses  being,  in  his  experiments,  chiefly  due  to 
changes  in  the  lengths  of  the  cylinders. 

The  results  obtained  by  the  present  authors  show,  on  the 

contrary,  that  when  employing  geometrically  similar  cylinders  t 

varies  in  proportion  to  the  diameter  (that  is  to  say,  in  the  ratio 

mass 

— - — ,  as  Le  Chateher  had  pointed  out),  but  with  the  express 

surface 

reservation  of  making  a  distinction  according  as  the  thermal 
anomaly  reveals  itself  at  a  high  temperature  (Ar')  or  at  a  low 
temperature  (Ar").  It  should  be  added  that,  given  the  ex- 
perimental conditions,  all  Benedicks'  curves  would  display  the 
low  temperature  thermal  anomaly  Ar",  which  escaped  his 
attention. 

(c)  Micrographic  Examination  of  the  Centre  of  the  Sample. — 
An  examination  of  the  preceding  table,  taken  in  conjunction 
with  the  considerations  and  facts  just  enunciated,  allows  of  the 
following  conclusions  being  directly  deduced. 

The  transformation  in  the  vicinity  of  660°  (Ar')  corresponds 
with  the  formation  of  troostite. 

The  low  temperature  transformation  (Ar")  corresponds  with 
the  formation  of  martensite. 

There  is  therefore,  in  the  given  initial  conditions  of  quenching, 
a  critical  rate  marking  the  transition  from  troostitic  quenching  to 
martensitic  quenching. 

As  the  rate  of  cooling  decreases  from  the  centre  to  the  periphery, 
this  transition  should  be  noticeable,  as  the  surface  is  approached, 
on  plane  sections  of  samples,  the  centres  of  which  are  troostitic ; 
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there  is,  as  a  matter  of  fact,  an  annular  outward  martensitio  zone 
surrounding  the  central  troostite  disc.  This  is  shown  diagramma- 
tically  in  Fig.  84  for  the  samples  as  a  group.    There  is  naturally  a 


'8PU0098  uj  X  ^QQz  o; 
oOOl  ^ojj  9UIIOO0  jo  suojivjna 

narrow  transitional  zone  between  the  troostite  and  the  martensite, 
in  which  the  two  constituents  are  intermingled  in  proportions 
which  vary  rapidly  from  the  centre,  outwards.  Pig.  84  gives  the 
simplified  macrographic  appearance  of  a  horizontal  median  section 
of  the  cylinders,  thus  showing  clearly  the  '*  depth  of  hardening.'* 
The  thickness  of  the  martensitic  zone  decreases  when  the  radius 
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of  the  curve  increases,  and  there  is,  in  the  case  of  d  13  mms,, 
martensite  in  the  centre.    (No.  1,  Plate  XXXIL) 

With  a  diameter  of  14  nuns,  the  troostite  is  akeady  greatly 
in  excess  (No.  2,  Plate  XXXII.),  and  only  very  little  martensite 
is  present — too  little,  moreover,  to  be  shown  on  the  curves. 

(d)  Hardness. — The  following  table  snmmaiises  the  results  of 
the  determinations  of  the  hardness  made  on  the  centres  of  the 
samples  by  means  of  a  ball  of  5  mms.  under  a  pressure  of  500 
kil<^;rammes. 


DHuoMten  of  the 


700»-200P. 


I    Diameten  of  the 


Brinell  Nomben     | 


thaewith. 


Mini. 

Seoooda. 

MllliL 

Kg./llm.« 

8 

4-4                ! 

1^ 

688 

10 

6-6                t 

1-06 

660 

18 

6-8 

lOl 

617 

13 

6-6 

1-01 

617 

14 

6^ 

116 

467 

16 

8-0 

1-86 

384 

18 

94 

1-88 

481 

80 

103 

1-86 

384 

If  we  plot  graphically  (Fig.  35)  the  variations  in  the  diameters 
of  the  ball  impression,  or  of  the  Brinell  numbers  in  terms  of 
the  diameters  of  the  cylinders  or  of  r  a  discontinuity  in  the 
appearance  of  the  curve,  corresponding  with  the  critical  rate  of 
quenching,  is  clearly  seen.  There  are,  indeed,  two  regions,  one 
of  great  hardness,  in  the  neighbourhood  of  600  Brinell  units ; 
the  other  of  medium  hardness,  in  the  neighbourhood  of  400 
Brinell  units.^  This  will,  in  the  sequel,  be  expressed  by  the  terms 
"  hard  martensitic  quenchings  "  and  "  soft  troostitic  quenchings." 
The  critical  rate  of  quenching  is  therefore  characterised  by  a 
rapid  lowering  of  the  hardness,  in  curves  representing  this  property 
in  terms  of  the  rapidity  of  cooling. 

Any  change  in  the  rate  occurring  in  the  vicinity  of  the  critical 
rate  may  occasion  considerable  differences  in  the  hardness,  whereas 

1  In  his  experimeate  on  hardening,  McOuioe  (Jomnud  of  At  Inm  amd  8ied  InMUmte,  toL 
zxadx.  p.  192)  foond  for  hudened  marteoeitic  iteeb  (the  sttifaeee  of  amall  nmpleB  w»ter- 
qoeoehBd)  it»rAnMumm  reeching  and  exceeding  700  Brinell  units.  The  diffnenoee  between 
tho  Tmhiee  foand  bj  the  anthon  arise,  to  a  oonaiderable  extent^fram  their  having  effected  their 
own  detenninationi  with  a  6-nuUinietze  ball  nnder  a  piiwuie  of  600  kJlogrammee,  which, 
oontniy  to  what  baa  been  stated  by  Benedicks  (Upsala,  TliGflis,  1904),  does  not  give  baldness 
▼aloes  comparable  with  those  obtained  by  means  of  a  10-mm.  ball  and  a  pteasuie  of  3000 
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similar  changes  produced  under  conditions  far  removed  from  this 
rate  of  speed  only  cause  slight  changes  in  the  hardness,  or  none 
at  all* 

This  explains  the  results  obtained  hjr  McCancel  ^  on  raising  the 
temperature  of  the  water  in  the  quenching  bathi  The  superficial 
hardness  of  quenched  parts  remains  constant  when  the  tempera- 
ture of  the  water  is  below  20°  ;  above  this  and  up  to  60°  very 
variable  results  are  obtained,  and  the  hardness  varies  not  only 
from  sample  to  sample, .  but  even  in  the  same  sample.    This 


IJ 

600. 
500 
400. 

1.20. 
t.10. 

1.00 : 

• 

^       -^ 

^ 

• 

f  ■ 

* 

U       t6       18       20 


Diameters  of  Cyiinders  in  mms. 


Duration  of  Cooiing  r  from  TOO'* 
to  200^*  in  Seconds. 


Fia.  35. — Conres  showing  the  variatioa  of  the  Harduen  A  after  Quenching,  in  terms  of  the 
Diameters  of  the  Cylinders  and  of  the  Doratioa  of  Gooling  r  from  700"  to  200* 
(steel  with  1*07  per  cent  carbon  and  0-08  per  cent,  manganese). 

arises  from  the  fact  that  the  neighbourhood  of  the  critical  rate 
is  being  approached  ;  the  least  alteration  in  the  surface  cooling 
conditions,  the  rate  of  the  circulation  of  the  water,  the  greater 
or  less  local  liberation  of  steam,  the  momentary  temperature  of  the 
water,  &c.,  suffice  to  turn  a  hard  quenching  into  a  soft  quenching. 
Now,  by  hardening  in  a  bath  and  quenching  and  agitating  the 
samples  in  a  bucket  of  water,  the  mode  employed  by  McCance, 
these  surface  conditions  are  exceedingly  variable.  The  results 
obtained  need  therefore  occasion  no  surprise,  in  view  of  the 
conception  formed  in  regard  to  the  critical  rate  of  quenching. 
lYom  this  follows  likewise  the  explanation  of  the  formation  of 
hard  and  soft  zones  in  the  quenched  parts  described  by  that  author 
in  his  paper. 

1  Jtmnud  of  (&«  trm  and  8Ud  JiuHtuU,  19U,  No.  I.  p.  102. 
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If  the  rate  of  circulation  of  the  quenching  liquid  at  the  surface 
of  the  sample  be  so  irregular  that  at  this  surface  a  point  here  and 
there  is  at  the  critical  rate  of  quenching,  there  will  be  super- 
ficially obtained  martensitio  and  troostitic  zones,  and  hence, 
irregular  hardness.  This  can  be  proved,  in  particular,  in  the  case 
of  quenching  by  sprinkling  with  an  insufficient  water  supply,  and 
revealed  subsequently  by  etching  macrographically  with  picric 
acid  the  polished  outer  surface  of  the  samples  :  a  characteristic 
marbled  appearance  is  thus  obtained  (No.  10,  Plate  XXXIV.). 

We  thus  arrive  at  a  notion  of  a  discontinuity,  or  at  least  of 
a  rapid  and  not  gradual  variation  in  the  nature  of  the  phenomena 
accompanying  or  determining  the  hardening  of  carbon  steels : 

1.  By  the  complete  disappearance  of  the  transformation 
clearly  shown  in  the  cooling  curves  towards  600°-  650°  (point  ArQ. 

2.  By  the  appearance  of  a  gradual  evolution  of  heat  at  a  low 
temperature  (below  850°),  marked  by  a  diminution  in  the  gradient 
of  the  lower  portion  of  cooling  curves  (anomaly  Ar*'). 

8.  By  the  substitution  of  martensite  for  the  troostite,  corre- 
sponding respectively  with  the  Ar*'  and  Ar'  transformations. 

4.  By  the  variations  in  the  relations  existing  between  r  and 
d  in  the  case  of  geometrically  similar  samples. 

5.  By  the  examination  of  the  hardness  in  terms  of  r. 

It  is  this  border-line,  somewhat  indefinite  in  regard  to  quan- 
titative determination,  separating  the  two  modes  of  occurrence 
of  the  phenomenon  of  transformation — quasi  reversible  and 
definitely  irreversible — ^that  the  authors,  for  the  sake  of  brevity, 
call :  **  the  critical  rate  of  quenching  for  a  given  initial  state  of 
quenching  and  cooling  law." 

For  rates  speedier  than  this,  hard  martensitic  quenchings 
occur ;  for  rates  slower,  soft  troostitic  quenchings.  It  should 
be  noted  that  the  troostite  is,  in  this  case,  always  accompanied 
by  cementite,  that  is  to  say,  by  the  pro-eutectic  constituent 
(No.  8,  Plate  XXXII.). 

Hypoeviectic  Steel  d  vyUh  0-50  per  Cent  of  Carbon  and  0*18  per 
Cent  of  Manganese  quenched  at  abovi  750°. 

The  following  table  and  Fig.  86  gives  the  characteristic 
numerical  results  and  the  average  curves  relating  to  this  series 
of  experiments  : 
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Temperature  of 

Diameter  of  the 

Number  of  the 

T 

the  Anomaly 

Appearance. 

Samples. 

Carre  in  Fig.  36. 

700'»-200«. 

distinctly  seen 
on  the  Curves. 

^^ef 
Constituent 

Mms. 

8 

10 

1 
2 

SeoondB. 
3 
3-8 

Degrees. 

M 
M 

... 

12 

{IbU 

4-6 

610 

M  +  (T  +  F) 

41 

660 

not  examined 

U 

4 

4-8 

660 

T  +  F 

16 

5 

6-4 

666 

T  +  F 

18 

6 

6-3 

666 

T  +  F 

In  the  case  of  eaoh  sample  the  different  cooling  curves  were 
practically  saperposable,  except  in  the  case  of  the  12  nuns, 
diameter  sample.  For  the  latter  sample  two  curves  were  obtained 
(Nos.  8  and  8a)  of  Fig.  86^  which  for  one  and  the  same  sample 
are  very  different.  The  conditions  of  cooling  had  been  identical 
and  the  quenching  temperature  the  same,  inasmuch  as  they 
were  845°  and  848°  respectively — that  is  to  say,  differing  only 
by  an  amount  which  is  within  the  limits  of  experimental  error. 

Curve  No.  8  in  unbroken  line,  which  was  the  first  obtained,  is 
of  the  same  type  as  curves  4,  5,  and  6  relating  to  larger  diameters, 
with  an  anomaly  at  high  temperature  Ar'. 

Curve  No.  8a  (in  dotted  line),  the  second  obtained  on  re- 
commencing the  experiment  on  the  sample  that  had  given 
curve  8,  presents  both  an  anomaly  at  high  temperature  (Ar') 
and  a  gradual  diminution  in  the  gradient  at  low  temperatures 
(Ar""),  as  do  curves  1  and  2  a  diminution  seen  on  comparing  them, 
and  shows,  besides,  by  an  examination,  values  for  T,  which  are 
greater  in  curve  8a  than  in  curve  4,  although  the  sample  and 
the  conditions  of  quenching  were  the  same. 

There  is  therefore,  in  this  instance,  a  liberation  of  internal 
heat  at  two  periods  and  in  two  regions  of  the  temperature  scale, 
that  is  to  say,  a  reduplication  of  transformation  such  as  has  been 
known  to  occur  in  special  steels,  and  in  particular,  in  nickel- 
chromium  add  chromium-tungsten  steels.^ 

The  micrographic  examination  of  the  sample  which,  after 
quenching^  gave  the  curve  8a,  shows  the  simultaneous  occurrence 
of  both  troostite  and  martensite,  in  similar  proportions.  Thus, 
in  the  neighbourhood  of  the  critical  rate  there  may  be  seen,  in 

1  See  Osmond,  Grenet,  Porteyin  and  Dejean. 
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regard  to  carbon  steels,  a  reduplication  of  the  transformation 
pointy  and  a  second  heating  may  further  modify  the  behaviour  of 
the  cooling  transformations.  Apart  from  this  peculiarity  the  ex* 
periments  made  with  this  steel  lead  to  the  same  facts  as  before. 
There  are  two  types  of  cooling  curve,  Nos.  1,2,  and  8  with  anomaly 
Ar',  and  Nos.  4,  5,  and  6  with  anomaly  Ar^;  there  is  still  a  dis- 


Time, 

Fia.  S6.-~ATenge  Coolinff  Carves  at  the  centres  of  geometrioAlly  similar  Steel  Cylinders, 
0*50  per  oeat.  oarbon  and  0>13  per  cent,  manganese,  qaenched  in  water. 

continuity  in  the   behaviour,  but  this  time  within  narrower 
limits,  as  it  occurs  in  one  and  the  same  sample. 

The  last  of  the  curves  still  shows  Ar^  and  corresponds  with 
T  4-5  seconds,  whereas  with  steel  g,  with  107  per  cent,  of  carbon 
and  0*08  per  cent,  of  manganese,  there  was  in  this  case  r  =  6*9 
seconds.  The  critical  rate  of  quenching  is  therefore  higher. 
Again,  if  it  be  sought  to  ascertain  the  relationship  between  r 
and  d  practically  two  straight  lines  are  obtained  (Fig.  87),  one 
corresponding  with  a  martensitic  quenching  and  the  other  with 
a  trooatitic  quenching,  r  may  be  said  to  equal  kd,  provided 
that  k  be  given  two  values,  according  as  d  -<  12  mms.  or  (2  >  12 
mms.,  both  values  being  applicable  when  d  ==  12  mms. 
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Micrographic  examination  supplies  a  further  proof  of  the 
correspondence  between  martensite  and  Ar"",  and  troostite  and 
Ar'. 

The  results  of  the  macrographic  examination  of  the  section 
at  right  angles  to  the  axis  and  midway  in  the  length  of  the 
cylinders,  represented  diagrammatically  in  Fig.  84,  shows,  as 
in  the  preceding  instance,  the  depth  of  the  hardening,  which 
can  also  be  found  by  observing  the  fractured  surfaces,  owing  to 


10  12  14  i«  16 

Diameters  In  mm, 

Fia.  37.— Variatioii  in  Terms  of  the  IMametera  of  the  Cylinders  of  the  Duration  of  Cooling 
r  from  700^  to  200**  for  the  same  Steel»  quenched  in  water. 

the  difference  in  the  appearance  of  the  fracture  in  the  martensitio 
zones  and  in  the  troostitic  zones  (No.  9,  Plate  XXXIV.). 

Finally,  the  troostite  is  always  accompanied  by  ferrite,  that 
is  to  say,  by  the  pro-eutectic  constituent  (Nos.  5,  6,  and  7, 
Plate  XXVIII.). 

Hardness. — The  hardness  tests  made  in  the  centre  of  the 
samples  by  means  of  a  5-mm.  ball  under  a  pressure  of  500 
kilogrammes,  furnish  the  results  given  on  next  page.  The 
transition  corresponding  with  the  critical  rate  of  quenching  is 
clearly  marked  (Fig.  88).  There  is  a  variation  of  over  200  Brinell 
units  when  the  diameters  of  the  cylinders"  vary  by  4  mms.,  which 
corresponds  with  a  modification  of  1  second  lEor  t.     Beyond  the 
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range  of  this  interval  the  hardness  remains  nearly  constant  (see 
Fig.  88).  There  is  therefore  a  well-marked  separation  between 
the  hard  martensitic  quenchings  and  the  soft  troostitic  quenchings. 


Diameter  of  the 

T 

Diameter  of 

Brinell  Number. 

Cylinden. 

700'»-200^ 

Impreanon. 

Mma. 

SeoondB. 

Mms. 

Kg./Mm.> 

8 

30 

106 

571 

10 

3-8 

105 

571 

12 

4-6 

M7 

459 

U 

4-8 

1-32 

350 

16 

6-4 

1-31 

365 

18 

6-3 

1-30 

370 

The  12  mms.  diameter  sample,  the  centre  of  which  contains  similar 
amounts  of  troostite  and  martensite,  is  of  intermediate  hardness. 


^     600 

I- 

5:     400 

\,. 

•g      500 

16        >nir 


Diameters  of  Cylinders  In  mms. 


Duration  of  Cooling  r  from  700^ 
to  200''  in  Seconds. 


Fro.  38.^Caryefl  giving  Variation  of  the  Hardness  A  after  Quenching,  in  terms  of  the 
Diameters  of  the  Cylinders  and  of  the  Duration  of  Cooling  r  from  000"  to  700**  for  the 
same  Steel  (Fig.  36). 

An  examination  of  the  appearance  of  the  hardness  carves 
confirms,  therefore,  the  preceding  results. 


Steel  f,  Carbon  =  0'81  per  Cent. ;  Manganese  =  0-21  "per 
Cent.     Quenched  ai  aboiU  750°. 

In  this  case,  even  up  to  diameters  of  20  mms.,  there  is  no  longer 
found  the  Ar'  transformation  at  high  temperature,  only  the 
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diminution  in  the*  gradient  of  the  curve  at  low  temperature  (Ar") 

(see  Pigs.  89  and  40).    The  durations  t  of  the  transition  from 

700*"  to  200°  increase  in  a  way  which  is  very  closely  proportional 

to  the  diameters  of  the  geometrically  similar  cylinders,  and  can 

d 
approximately  be  represented  by  r  =  5  in  seconds  (d  in  mms.). 

The  critical  rate  is  thus  much  slower,  and  the  period  t  which 
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Time. 

Fio.  39. — ^Ayemge   Cooling  Cunres   at   the  Centres  of  geometrioally  similar  Cylinders, 
oontaining  0-8  per  cent,  carbon  and  0-2  per  cent,  manganese,  quenched  in  water. 

corresponds  therewith  is  longer  by  10  seconds,  thus  exceeding 
by  more  than  double  the  values  found  for  the  two  preceding 
steels.  All  the  samples  after  quenching  are  uniformly  composed 
of  what  is  sometimes  called  coarse  martensite,  in  thick  interlaced 
but  clearly  distinguishable  needles.  This  the  authors  regard  and 
will  describe  as  austenite-martensite. 

The  hardness  at  the  centre  of  all  these  cylinders  remains 
practically  constant  and  high ;  the  ball  impressions  (ball  of 
5  mms.,  pressure  500  kilogrammes)  vary  from  1*01  to  1*04  uun.» 
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which  corresponds  with  the  Brinell  numbers  617  to  582.  The 
samples  have  all  therefore  been  hard-quenched.  These  results 
are  particularly  interesting  to  compare  with  those  obtained  in 
the  case  of  steel  g,  which  differs  chiefly  in  the  carbon  content 
being  nearer  to  that  of  the  eutectic^  and  by  a  slightly  higher 
percentage  of  manganese.    These  facts  tempt  one  to  ascertain 
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Fxo.  40. — Cooling  Carves  showing  Evolation  of  Heat  at  Low  Temperatures : 

1>1  Steel  containing  0*8  per  cent,  carbon  and  0*2  per  cent,  carbon,  qnenobed  in  water 

from  630^ 
2-2  Steel  containing  0-8  per  cent,  carbon  and  0-2  per  cent.'  carbon,  qnenched  in  water 

from  7(Ky». 
3-3  Ferro-niokel  with  30  per  cent  nickel,  quenched  at  IW*  in  water. 


the  influence  of  the  chemical  composition  on  the  critical  rate  of 
quenching. 

Fig.  41  gives  a  facsimile  of   three  curves  recorded  for  the 
20  mms.  cylinder  and  representing : 

1.  Cooling  in  air,  with  the  recalescence  locating  the  trans- 
formation point  in  the  temperature  scale.    (The  interruptions 
in  the  curve  indicate  time  intervals  of  6  seconds.) 
<    2.  Coding  in  water,  from  a  temperature  of  630''— that  is  to* 
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say,  from  below  the  transformation  point.    In  this  case  there 
can,  naturally,  be  no  anomaly. 

8.  Quenching  in  water  from  755°.  There  is  no  anomaly  at 
high  temperature,  but  if  this  curve  be  compared  with  the  pre^ 
ceding  one  (the  two  curves  having  been  traced  at  the  same  rate 


Fia.  41. — ^Faottinik  of  Carves  registerod  from  the  commeDoement  of  Goofing  for  a  Steel 
pjrlmder  20  mm.  ia  Diameter,  with  0*8  per  ceoL  oarbon  and  0-2  per  oent.  carbon. 
Air  cooling  with  intemiptioDB  of  the  cnrre  eyeiy  6  seconds.  Water  cooling  at  630** 
and  7fi6**  with  intemxpttons  every  ^  second. 

of  recording  speed  and  the  interruptions  of  the  curve  correspond- 
ing with  time  intervals  of  4  seconds)  it  will  be  seen : 

(a)  That  the  slighter  rapidity  of  cooling  on  quenching  from  755° 
resulted  from  the  slighter  heat  conductivity  of  the  steel  at  the 
"  stable  condition  on  heating  "  (solid  solution  of  7  iron-carbon). 

(6)  That  the  gradient  of  the  curve  of  quenching  from  755°  is 
diminished,  owing  to  the  formation  of  martensite  at  low  tempera- 
ture (anomaly  Ar"). 
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V.  Influence  of  the  Chemical  Composition  on  the 
Critical  Bate  of  Quenching. 

In  order  to  take  this  into  account  without  unduly  multiplying 
the  experiments  the  authors  confined  themselves  to  quenching, 
under  identical  conditions  of  cooling,  a  series  of  16  mms.  diameter 
cylinders  prepared  from  the  following  steels  and  quenched  in 
the  vicinity  of  760°. 


Carbon 
per  Cent. 

Manganoae 
per  Gent. 

0 

• 

{ 

i 

0-33 
0-56 
0-81 
110 
1-45 

0-19 
0-29 
0-21 
0-40 
020 

The  results  are  shown  in  Fig.  42,  and  lead  to  the  following 
conclusions : 

1.  For  the  steels  c  and  i  at  the  opposite  ends  of  the  series, 
with  0-88  and  1*45  per  cent,  of  carbon  respectively,  the  different 
curves  obtained  are  respectively  superposable  and  have  a  trans- 
formation point  Ar'  at  high  temperature  (curves  1  and  5). 

2.  The  same  holds  good  for  the  two  steels  nearest  to  the 
eutectic,  /  and  h,  with  0*81  and  1*10  per  cent,  of  carbon.  The 
different  curves  are  respectively  superposable  but  do  not  present 
an  Ar'  transformation  point  at  high  temperature,  but  show  a 
diminution  in  the  gradient  at  low  temperature  Ar'^  (curves  3  and  4). 
This  diminution  is  more  particularly  marked  when  the  neighbour- 
ing curves  4  and  5  are  compared  with  them. 

These  steels  have  therefore  different  critical  rates,  because 
they  are  below  the  critical  rate  for  the  two  extremes  (steels 
c  and  i),  and  above  for  the  intermediate  steels/  and  h. 

3.  There  is  therefore  a  minimum  in  the  critical  rate  of  quench- 
ing in  the  neighbourhood  of  the  eutectic.  This  is  clearly  shown 
on  comparing  the  steels  c,  /,  and  i,  for  which  the  percentages 
of  manganese  are  identical  or  differ  only  within  the  limits  of 
analytical  errors. 

4.  On  the  other  hand,  manganese  plays  an  important  part 
from  the  point  of  view  of  the  critical  rate  of  cooling,  as  we  have 
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here  a  sample  of  a  16  mms.  steel,  h,  with  1*10  per  cent,  of  carbon 
and  0'40  per  cent,  of  manganese  which  is  martensitically  quenched, 
whereas  we  have  already  seen  that  with  similar  conditions  of 
quenching  a  16  mms.  sample  of  steel,  g,  with  1*07  per  cent,  of 
carbon  and  0*08  per  cent,  of  manganese,  underwent  troostitic 
quenching,  and  that  this  was  also  the  case  with  a  14  mms.  sample. 
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N'5 
C    maSf 


N*4 
Cm,  IJo 
^nmO,4o 


N'5 


C    , 
Mn  , 


1.45 
0,2o 


d.16% 


d«16r« 


d.16%. 


d.l«%a.l67'n 


/  Second 


Time. 

Fio.  42.— Avorage  Cooling  Curves  at  the  oentree  of  Cylindew  16  mm.  in  Diametat  ol 
with  VBiying  percentages  of  carbon  and  manganese. 

Here  the   manganese  percentages  differ   considerably*  ''^  \tor, 
the  carbon  percentages  are,  within  the  limits  oi  analyti<^^ 
the  same.  ^o.rifiLaiie8e 

5.  If  now  the  steel  e  (carbon  0-56  per  cent,  and  *^  ^^.^ed, 
0  26  per  cent.)  be  considered,  two  different  curves  are  o  ^  ^^^^is- 
shown  in  the  figure  at  No.  2 — one,  in  unbroken  line,  ba^  ^35*"  9xA 
formation  point  Ar'  indicated  by  recalescence  betweeix    ^^^^^\oti, 
650°  :  and  the  other,  in  dotted  line,  having  no  Ar'  transxo 
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but  a  well-marked  diminution  in  the  gradient  Ar'^  at  low  tempera- 
ture. The  initial  quenohing  temperatures  in  the  two  instances 
were  750°  and  758°  respectively. 

It  may  be  concluded  that,  as  regards  this  16  mms.  diameter 
steel,  the  centre  corresponds  with  the  critical  rate  of  quenching, 
but  that,  in  this  case,  the  initial  quenching  temperature  perhaps 
plays  some  part  which  it  may  be  advisable  to  investigate,  as  wiU 
be  done  in  the  next  chapter. 

6.  The  examination  of  the  durations  of  quenching,  r,  from 
700°  to  200°  of  these  cylindrical  samples  of  the  same  diameters, 
of  the  microstructure  and  of  the  hardness  at  the  centre,  allows 
of  the  same  conclusions  being  drawn.    We  find,  indeed  : 


Curres 

Carret 

Cftrbon 

ManffAn- 

Bhowioff 
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eee  per 

the 
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1-46 
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... 

T  +  C 

1-21 
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The  duration  of  the  quenching,  r,  certainly  increases,  as 
stated  by  Le  Chatelier  and  by  Benedicks,  with  the  percentage  of 
carbon,  with  the  important  reservation  that  only  cooling  curves 
of  the  same  category  be  compared,  that  is  to  say,  showing  the 
same  type  of  anomaly  Ar'  or  Ar*'  on  cooling. 

The  influence  of  the  position  of  the  transformation  in  the 
temperature  scale,  and  therefore  of  the  mode  in  which  this 
transformation  takes  place,  has  a  much  greater  reactionary  effect 
on  T  than  the  percentage  of  carbon. 

7.  Finally,  it  is  useful  to  point  out  that  the  curves,  No.  1  and 
No.  5,  relating  to  the  extreme  steels  of  the  series  have,  below  Ar', 
a  slower  average  rate  of  cooling  (80°  to  85°  per  second)  than  the 
curves  relating  to  other  steels  in  the  same  range  of  the  tempera- 
ture scale  (100°  to  125°  per  second).  This  indicates  the  prelimi 
nary  segregation  of  the  pro-eutectoid  element. 


IT-  trooetite ;  M  »  martensHe ;  F  -  ferrite ; 
*  H  mm.  ball ;  pressure,  600  kilogrammes. 


>  cementite ;  A  —  austenite. 
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Having  thus  obtained  certain  broad  facts  as  to  the  influence 
of  the  chemical  composition  of  the  steel  in  relation  to  the  critical 
rate  of  quenching,  we  are  led  to  consider  what  importance  can 
be  attached  to  the  initial  temperature  of  quenching,  a  question 
which  it  was  necessary  to  put  in  regard  to « the  whole  series  of 
experiments,  and  which  is,  more  particularly,  raised  by  the 
curves  No.  2  relating  to  steel  e. 

VI.  Inpluenob  op  the  Initial  Temperature  op  Bapid  Cooling 
ON  THE  Critical  Bate  of  Quenching. 

The  initial  temperature  of  quenching  can  have  a  reactional 
influence  on  the  phenomena  which  occur  during  quenching,  owing 
to  two  reasons : 

1.  Its  influence  on  the  rate  of  cooling. 

2.  Its  influence  on  the  internal  initial  state,  and,  in  particular, 
in  allowing  of  the  more  complete  disappearance  of  the  pro-eutec- 
toid  constituent.  This  influence  may  even  persist  whQ^  Ao3 
has  been  exceeded  owing  to  the  effect  of  the  persistence  of  the 
crystalline  particles  after  the  transformation  of  the  surrounding 
mass,  a  phenomenon  which  has  been  brought  into  evidence  in 
the  experiments  of  Wyrouboff  on  the  dimorphism  of  calcium 
bichromate.^ 

For  these  two  reasons,  and  owing  to  the  facts  brought  out  in 
the  series  of  experiments  just  summarised,  a  distinction  must  be 
drawn  according  as  the  rate  of  cooling  differs  considerably  from, 
or  is  closely  similar  to,  the  critical  rate  of  quenching  of  the  steel 
under  consideration. 

A.  Bates  differing  considerably  from  the  Critical  Bate 
of  Quenching. 

Three  examples  may  be  taken  from  amongst  the  numerous 
experiments  carried  out. 

1.  Hypoeutectic  Steel  c,  vrilh  0-33  yer  Cent,  of  Carbon  and  0-19 
per  Cent  of  Manganese. 

In  cylinders  of  8  to  20  mms.  diameter  the  rates  obtained  at 
the  centres  were  below  the  critical  rate  in  cases  when  the  initia 

1  The  authors  h»y«  already  noted  this  partioolar  in  their  "  Contribution  to  the  Influence 
of  Annealing  on  the  Straoture  of  Alloys,"  in  the  Revu§  it  MikUlurffi;  1913. 
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qnenching  temperatures  were  in  the  vicinity  of  760^>  while  keeping 
the  other  conditions  of  cooling  constant.  A  rise  in  the  initial 
temperature  of  quenching  does  not  affect  the  nature  of  the 
phenomena,  the  curves  always  showing  the  Ar'  point.  This  is 
shown  by  the  following  results  : 


Diameter  of  the 
Cylinders. 

Initial  Temperature 
of  Quenohing. ; 

700«-200». 

Anomaly  Ar'. 

Mms. 
U 

18 

Degrees. 
r780 
1880 
/780 
1880 

Seconds. 
5*4 
4-8 
5-6 
56 

Degrees. 
675 
675 
670 
670 

Baising  the   temperature  of  the  commencement  of  rapid 
cooling  by  100°  has  slightly  reduced  t,  but  the  transformation 


Fio.  43. — Facsimile  of  Carres  recorded  from  the  commAnoement  of  Cooling  for  a  Cylinder 
16  mm.  in  Diameter,  containing  0*3  per  cent,  carbon  and  0*2  per  cent,  manganese.  Air 
cooling  with  intermptions  of  oorre  overy  5  seoonds.  Qaenohed  in  water  at  870^  and 
760°  idth  intermptions  of  the  oorres  CTery  -^  second. 

point  shows  Ar'  at  high  temperature  and  the  quenching  remains 
troostitic. 

Fig.  43  gives  a  facsimile  of  the  three  curves  recorded  for  a 
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cylinder  of  16  mms.  diameter  corresponding  with  air  cooling  and 
quenching  at  two  temperatures.  The  anomaly  Ar'  occurs  each 
time. 

2.  Hypereuteciic  Steel  i  vnlh  1*45  per  Cent,  of  Carbon  and 
0-20  per  Cent,  of  Manganese. 

The  previous  experiments  have  shown  that  at  the  initial 
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""^^-^ 
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¥ia,  44. — ^FacsixnUe  of  Carves  leoordBd  from  the  oominenoement  of  Cooling  for  a  Cylinder 
16  mm.  in  Diameter  in  Steel  containing  1'4  per  cent,  carbon  and  0-2  per  cent, 
manganese.  Air  cooling  with  inteiruptions  of  toe  onrre  eyeiy  6  seconds.  Quenched 
in  water  at  900^  and  776**  with  interruptions  of  the  curve  every  -^  second. 

quenching  temperature  of  760^  conditions  were  clearly  below 
the  critical  quenching  temperatures  at  the  centres  of  cylinders 
of  8  to  20  mms.  diameter.  Baising  the  quenching  temperature 
causes  an  increase  in  the  average  rate  of  cooling  (diminution  of  r) 
without  altering  the  nature  of  the  phenomenon.  Ar'  persists  and 
troostite  and  cementite  are  invariably  found  at  the  centre. 

Pig.  44  gives,  as  before,  a  facsimile  of  the  three  curves  recorded 
for  a  cylinder  of  16  mms.  diameter. 
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Diameter  of  tiie 
CyUnderi. 

Initial  Temperature 
of  Quenching. 

T 

700*-200^ 

Anomaly  Ar.' 

Mma. 
14 

18 

Degreee. 
/800 
1910 
r785 
(890 

SeoondB. 
5-6 
4-8 
6-8 
6-0 

"•IT- 

665 
660 
660 

8.  Steel  h  vrUh  1-1  per  Cent,  of  Carbon  and  0*4  per  Cent,  of 
Manganese. 

For  cylinders  of  8  to  18  mius.  diameter  and  an  initial  quenching 
temperature  of  750°,  conditions  are  beyond  the  critical  rate  of 
quenching  for  a  sample  of  16  mms.  diameter.  Thus,  in  the 
case  of  smaller  diameters  and  in  that  of  the  16  mms.  diameter, 
raising  the  quenching  temperature  does  not  affect  the  nature 
of  the  curves,  which  always  show  the  Ar'  anomaly  at  low 
temperature.  A  hard  martensitic  quenching  naturally  results, 
with  a  diminution  of  t  due  to  the  rise  of  temperature. 


Diameter  of  the 
q^inden. 

Initial  Temperature 
of  Quenching. 

700*-200». 

Mma. 
14 

16 

Degrees. 
i780 
(880 
f780 
1880 

SeoondB. 
6-4 
6-8 
7-8 
7-3 

If  these  experiments  be  repeated  on  a  sample  of  18  mms. 
diameter  it  is  found  that  with  an  initial  quenching  temperature 
of  890°  only  the  Ar'  anomaly  occurs.  The  reduplication  of  the 
transformation  point  on  cooling  (Ar'  and  Ar"")  occurs  when  the 
commencement  of  the  rapid  cooling  takes  place  from  790°.  At 
the  same  time  r  diminishes  from  9*4  to  9*0  seconds. 

Conversely  to  the  previous  instances  increasing  the  quenching 
temperature  increases  the  duration  of  cooling,  because  the  trans- 
formation phenomena  change  their  thermometric  position  and 
nature.  The  critical  rate  of  quenching  for  r  =  900°  has  been 
exceeded  and  the  critical  rate  for  t  =  750°  has  not  been  reached. 
We  are  approaching  the  following  case : 

B.  Bates  of  Cooling  approaching  (he  Critical  Quenching  Bate. 

Let  us  take  steel  e  with  0*56  per  cent,  of  carbon  and  0*26  per 
cent,  of  manganese  (the  critical  rate  of  quenching  for  which 
corresponds  with  the  cooling  at  the  centre  of  a  16  mms.  diameter 
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cylinder  quenched  in  the  vicinity  of  750°)  and  quench  cylinders 
of  14,  16,  and  18  mms.  diameter  at  various  temperatures,  the 
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Vm.  45.— CooUng  Coiree  in  Steel  oontaining  0*56  per  cent,  carbon  and  0^  per  cent. 
^^ngittm«A  in  pylinden  of  14,  16,  and  18  mm.  m  Diameter,  quenched  in  water  from 
▼arioos  temperatures. 

other   quenching  conditions   remaining  constant.    The  results 
are  given  in  the  following  table  and  the  curves  of  Fig.  45 :  ^ 


Diameter  of  the 
Cylinders. 

Initial  Temperature 
of  Quenching. 

700«-200». 

Anomalies  in  the 
Cooting  Curve. 

Mms. 
14 

16 
18 

760* 

^875 

nw 

1880 
(800 
1900 

Seconds. 
6-4 
6-4 
6-8 
7-2 
7-2 
7-0 
7-8 

Ar'  (620«-636°) 

Ar* 

Ar'  (636') 

Ar'(640*») 

&  Curve  No.  2  (cylinder  14  nuns.,  quenched  from  760°)  could  not  be  extended  at  low 
temperatures  owing  to  accidents  which  ooourxed  during  the  experiments. 


Digitized  by 


Googk 


586      PORTEVIN  AND  GARVIN  :    INVESTIGATION  OF  INFLUBNOB  OF 

It  will  be  se«a  how  clearly  the  Ar'  diminution  of  gradient 
shows  itself  on  the  curves  Nos.  5  and  7,  at  low  temperatures. 
In  this  case  the  initial  quenching  temperature  has  a  consider- 
able influence  as  the  action  takes  place  in  the  vicinity  of  the 
critical  quenching  temperature.  The  duration  of  the  cooling, 
T,  increases  as  the  temperature  rises,  contrary  to  what  is  usually 


Fia.  46.— FaosimiJe  of  Curves  recorded  from  the  commenoement  of  Cooling,  for  a  Cylinder 
16  mm.  in  Diameter  with  0-56  per  cent,  carbon  and  0-26  per  cent,  manganeee.  Air 
cooling  with  intetruptionB  of  the  curre  every  6  seconds.  Quenched  in  water  at  880* 
and  760^  with  interruptions  of  the  curves  every  ^^  second. 

believed,  because  it  so  greatly  modifies  the  nature  of  the  trans- 
formation phenomena.  Fig.  46  gives  a  facsimile  of  the  three 
curves  recorded  for  a  16  mms.  diameter  cylinder. 

These  experiments  explain  the  contradictions  met  with  in 
the  different  statements  made  regarding  the  influence  of  the 
quenching  temperature.  If  very  small  samples  be  used,  or  if 
the  examination  be  confined  to  the  surface,  it  is  found  that  the 
quenching  temperature  has  no  appreciable  influence  on  the  result 
(see,  for  instance,  Mr.  McCance's  results).  If,  on  the  contrary, 
owing  to  the  largeness  of  the  samples  or  to  the  external  con- 
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ditions  of  cooling,  the  vicinity  of  the  critical  rate  of  cooling  be 
approached,  one  is  led  to  the  opposite  conclusion. 

When  the  samples  and  the  conditions  of  cooling  are  such 
that  soft  troostitic  cooling  occurs  at  the  centre,  there  is,  naturally, 
between  the  centre  and  the  surface,  a  martensite-troostite  region 
at  which  the  critical  rate  of  cooling  operates ;  the  position  of 
this  region  will  shift,  therefore,  with  the  initial  quenching 
temperature  and  the  thickness  of  the  zone  of  hard  martensitic 
quenching  will  vary,  Erom  this  arises  the  importance  of 
quenching  from  the  point  of  view  of  the  depth'of  hardening  on 
energetic  quenching,  particularly  as  regards  large  parts. 


VII.   QUENOHINGS   OF  LIMITED   DURATION. 

Lower  Limits  of  the  Temperatures  of  Troostite  Formation  at 
Falling  Temperatures. 

The  preceding  series  of  experiments  has  brought  out  the  fact 
that  the  transformations  taking  place  in  the  course  of  the  rapid 
cooling  of  steel  present  two  modes  of  occurrence : 

1.  A  rapid  transformation  at  a  high  temperature,  Ar',  always 
above  600°  and  corresponding  with  the  birth  of  troostite  in  the 
solid  solution  7  iron-carbon.  When,  in  one  way  or  another, 
the  critical  rate  is  approached,  there  is  a  tendency  to  recalesoence 
(see  curves  No.  2  of  Pig.  42  and  No.  1  of  Fig.  45),  that  is  to  say,  to 
positive  acceleration  of  the  rate  of  reaction  when  the  temperature 
of  the  starting  of  the  reaction  tends  to  be  as  low  as  possible. 

2.  A  slow  transformation  at  a  low  temperature,  Ar",  nearly 
always  below  350°,  and  particularly  marked  below  800°,  corre- 
sponding with  the  birth  of  martensite  in  the  solid  solution  7  ^^^'' 
carbon.    The  acceleration  of  the  rate  of  reaction  diminishes  when 
the  temperature  of  the  reaction  falls,  which  occurs  when  the 
critical  quenching  temperature  is  more  and  more  exceeded,     ixom 
this  arises  the  partial  persistence  of  the  nntransformed  state,  an 
the  appearance  of  austenite.  . 

In  these  conditions  there  can  be   seen  the  entire  analogy  o 
these  phenomena  with  the  well-known  phenomena  of  superiusK) 
and  supersaturation.    This  analogy  continues  when  we  consider 
the  influence  of  the  starting  of  the  crystalhsation  on  the  reaction, 
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as  we  shall  see  later.  It  may,  however,  be  asked  whether  it  is 
not  possible,  by  resorting  to  certain  measures,  to  lower  the  tem- 
perature Ar'  of  the  direct  transformation  of  the  solid  7  iron-carbon 
solution  to  troostite,  that  is  to  say,  to  an  ultramicroscopic  com- 
plexus  of  a  iron  and  of  FejC.  The  annealing  effect  which  the 
birth  of  this  complexus  indirectly  provokes  shows  distinctly  that 
this  reversion  to  equilibrium,  aFe  +  Fe^C,  may  take  place  at 
temperatures  well  below  600°, 

For  this  purpose  the  authors  had  recourse  to  the  arrestAtion 
of  rapid  cooling  by  limiting  the  duration  of  the  quenching 
by  withdrawing  the  sample  from  immersion  in  water.  For  this 
purpose  a  pendulum  beating  seconds  was  used,  and  the  quenching 
bath  was  lowered  suddenly  at  the  end  of  a  predetermined  period 
after  the  immersion,  that  is  to  say,  from  the  initial  quenching 
temperature. 

In  1904  Professor  H.  Le  Chatelier  had  already  carried  out  re- 
cords of  cooling  curves  for  limited  periods  of  quenching  and  had 
obtained  the  following  results  : 

With  a  steel  sample  containing  0*9  per  cent,  of  carbon  and 
having  a  width  and*  thickness  of  18  mms.  quenched  in  cold  water 
from  a  temperature  of  925^,  there  were  observed  on  the  cooling 
curves : 

A  recalescence  at  530°  to  546°  when  the  period  of  quenching 
was  limited  to  4  seconds. 

A  bend  in  the  curve  at  635°  if  the  duration  of  the  quenching  be 
limited  to  2  seconds. 

In  both  oases  the  metal  was  completely  softened. 

In  their  own  experiments  the  present  authors  used  samples  of 
10  and  18  mms.  diameter,  the  different  periods  of  immersion 
depending  on  the  diameter.    They  selected  the  three  steels : 


Carbon 
percent. 

Hanganeee 
per  Cent 

0 

e 
/ 

0-33 
0-66 
0-81 

0-19 
0-26 
0-20 

so  as  to  obtain  rapid  cooling  rates  above  and  below  the  critical 
rate  of  quenching,  or  in  the  neighbourhood  thereof. 
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The  phenomena  observed  and  the  results  obtained  are  given 
in  Tables  II.,  III.,  and  IV.,  and  in  Pigs.  47-60. 


Table  U. — Interrupted  Quenchings.    I.  Sted  c  {carbon,  0*33  per  cent, ; 
manganescy  0"19  per  cent.). 

lk.—Cytinieri  of  10  Mm$*  in  JDiamttm-  ^tnehed  a$  ahout  810''.> 


Approxim*te 
Periods  of 
Quenching 

(Immenion). 

(End  of 

observed 

after 
Emersion. 

BaU  Tests. 

Appearance. 

Diameter  of 
Lnpression. 

BrineU 
Number. 

Seconds. 
100 

100 
7 
3 
2 

Degrees. 

10 

330 

460 

670 

lB.—CyUnden 

10 
200 
060 
670 

Degrees. 

430 
670 

•/  18  Jfms.  in 
670 

Mm. 
117 
M8 
1*00 
176 

1-62 
1-63 
1*68 
1-94 

Kg/Mm.« 
409 
401 
208 
199 

ehed  at  860^ 

236 
233 

219 
163 

M 
M 

M+(T  +  P) 
T+F 

T+P 
T+F 
T+F 

T+F 

Table  III. — Interrupted  Quenchings.    U.  Steei  e  {carbon,  066  per 
cent. ;  manganese,  0*26  per  cent,). 


Approximate 
Periods  of 

Temperatures 
of  Btnersion 

(End  of 
Quenching). 

Recalescenoes 
obserred 

after 
Emersion. 

BaUTtets. 

Miorographic 
Appearance. 

Diameter  of 
Impression. 

BrineU 
Number. 

Seconds. 
100 
31 
2 
ll 

Degrees. 

10 

200 

300 

470 

Degrees. 

... 
400^ 

Mm. 
103 
1-00 
101 
1-43 

Kg./Mm.« 
093 
630 
617 
300 

M 

M» 

M 

T  +  P 

UB.'-Cytindiri 

1  of  18  Jfms.  in 

100 
0 

4 
2* 

10 
300 
420 
660 

38(>^90 
600-660 

MO 
1*30 
130 
1-08 

019 
343 
870 
249 

M 

T  +  M 

T 
P  +  F 

1  See  Pig.  47.  'See  Fig.  48. 

s  Martendte  coloured  hj  the  tempering  effect. '  *  See  Fig.  49. 
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Table  IV. — Interrupted  Quenchings.    III.  Sted  t  (carbon,  0-81  per 
cent, ;  manganese,  0-20  per  cent,).  ' 

IIlA.—CtfUnder9  of  10  Mms.  in  Diameter  quenched  at  826^l 


BaU  Tests. 

Approximate 
Periods  of 

Temperaturee 
of  Emersion 

RecaleBoences 
observed 

Miorographio 

Qaenohing 

(End  of 

after 

Diameter 

Brinell 
Nnmber. 

Appearance. 

(Immenioii). 

Qnenohing). 

Emersion. 

oflm- 
presdon. 

SeoondB. 

IJesrees. 

Degrees. 

Mm. 

Kg./Mm.« 

100 

10 

... 

101 

617 

M  +  A 

2i 

260 

•  •• 

104 

682 

M  +  A 

U 

600 

f 486-660) 
\     610     i 

1-37 

333 

T 

1 

660 

(640-6001 
t     666     1 

1-36 

338 

T 

IIlB.-Oy<tnd 

»s  of  18  Mme. 

m  Diameter  quenched  at  860^ 

100 

10 

... 

102 

603          M  +  A                         1 

6 

330 

... 

1-07 

660 

M  +  A  (diametrical 
crack  at  exterior). 

4 

400 

... 

103 

603 

M  +  A  (diametrical 
crack  at  exterior). 

3 

680 

666-690 

1-31 

366 

T  (diametrical  crack 
in  centre). 

The  remarks  suggested  by  the  examination  of  these  figures 
may  be  summarised  as  follows  : 

Cylinders  of  10  Mms.  Diameter. — For  the  three  steels  c,  e, 
and  /,  given  the  diameter  and  the  quenching  temperature,  the 
critical  rate  of  quenching  is  clearly  exceeded  so  far  as  the  centre 
is  concerned,  seeing  what  has  been  said  before. 

In  the  case  of  all  the  interrupted  quenchings,  martensite, 
accompanied  with  considerable  hardness,  is  obtained.  If, 
however,  the  end  quenching  be  confined  to  temperatures 
which  are  increasingly  high,  while  reducing  successively  the 
periods  of  immersion,  it  is  found  that  the  hardness  remains  at 
high  values,  with  the  presence  of  martensite,  and  no  troostite, 
up  to  830°  to  350°  emersion  temperature.  On  the  other  hand, 
when  the  latter  reaches  450°  to  500°  there  is  seen,  simultaneously : 

1.  A  recalescence  after  emersion. 

2.  The  formation  of  troostite  and  the  disappearance   of 
martensite. 

8.  A  considerable  fall  in  the  hardness. 

1  See  Fig.  60. 
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Cylinders  of  18  Mms.  Diameter. — 1.  In  the  case  of  steel  c, 
with  0*33  per  cent,  of  carbon  and  0*19  per  cent,  of  manganese 
and  in  the  experimental  conditions  adopted,  the  critical  rate  of 
quenching  is  not  reached.    There  is  therefore,  in  each  instance, 
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Km.  47.-Coolmg  Curves  from  tho  oommenoement  of  Qoenplm^  "i^ /^^ 
816*  in  Water,  for  a  Qylinder  10  mm.  in  Diameter,  with  0*3»  .l*' ™/* 
carbon  and  0-2  per  cent,  manganese.     Complete  quenohmg  and  quencn 


ings  of  limited  duration. 


soft  quenching  with  reoalescenoe,  on  falling  temperatures,  befor 
immersion,  the  recalescence  not  being  noted  on  the  curv^  cmng 
to  the  conditions  under  which  they  are  obtained.    1*^®'®  r" 
thus  always  be  obtained  troostite  mixed  with  femte,  and  a  ^^^ 
hardness.    Naturally,  when  the  temperature  of  emersion  reacn 
the  temperature  of  recalescence  during  quenching  ^^^^^^^^^^^j^ 
recalescence  will   occur  at   the    emersion  ;    this 


is  what  has 
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occurred  in  the  last  sample  of  Table  II.  (Ib)  (approximate  period 
of  quenching,  2  seconds ;  temperature  of  emersion,  670°).  There 
may  then  be  observed,  on  miorographic  examination,  an  irregular 


\  \   \  \                                1 

\ 

\ 

\ 

\ 

V 

■ 

v._ 

1    V 

^*" 

\   ^- 



-— — — . 

^^. 

■"■ 

Fio.  48.— Foonmile  of  Curves  recoidedj^from  commenoement  of  Qnenchixiff  at  about  800^  in 
Water,  for  a  Cylinder  10  mm.  in  l>iameter,  with  0*66  pw  cent,  oarbob  and  0-26  per 
cent,  manganese.  Complete  quenchings  and  qnenohings  of  limited  duration,  with  inter- 
ruptions of  tbe  curres  eyexy  6  seconds. 

'        '  i 

distribution  of  ferrite  owing  to  the  presence  of  large  areas  of  pearlite 
(No.  2,  Plate  XXXV.). 

2.  In  the  case  of  steel  e  with  0-56  per  cent,  of  carbon  and  0*26 
per  cent,  of  manganese,  the  conditions  are  in  the  neighbourhood 
of  the  critical  rate  of  quenching,  for,  as  has  already  been  noted, 
a  rise  of  100°  in  the  initial  quenching  temperature  leads  to  the 
transition,  in  the  case  of  18  mms.  diameter  cylinders,  from  a  soft 
troostitic  quenching  to  a  hard  martensitic  quenching.  Troostite 
has  already,  and  as  from  the  emersion  at  800°,  been  produced, 
but  in  quantities  too  small  to  be  shown  by  a  recalescence 
observable  merely  by  examining  the  curves. 
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On  the  other  hand,  by  emersing  at  420"",  the  temperature 
of  the  commencement  of  recalescence  can  be  lowered  down  to 
880°.    The  recalescence,  which  is  very  clearly  marked,  has  an 


^\  ^ 

V         \ 

1 

\ 

1 

: 

v_     

\  ""^ 

\ 

Fio.  49.— FaosimQe  of  Ourvw  recorded  from  the  oommenoement  of  Qaenching  at  aboat  860" 
in  Water,  for  a  Cylinder  18  mm.  in  Diameter,  with  0*66  per  cent,  carbon  and  0*26 
per  cent,  manganese.  Complete  qnenchings  and  qaenohings  of  limited  duration,  with 
mtermptionB  <^'the  onrye  eveiy  5  seconds. 


amplitude  of  16°  in  the  ascending  scale,  and  there  is  complete 
formation  of  troostite  at  low  temperature. 

8.  If  rapid  cooling  conditions  in  respect  of  which  the  critical 
rate  of  quenching  is  distinctly  exceeded,  for  18  mms.  cylinders, 
be  employed,  as  is  the  case  with  acid  J,  with  0-81  per  cent,  of 
carbon  and  0*02  per  cent,  of  manganese,  recalescence  after 
emersion  does  not  manifest  itself  even  after  emersion  at  400°, 
and,  up  to  that  temperature,  a  martensite-austenite  structure 
persists.  After  emersion,  however,  at  580°  a  recalescence  with 
a  15°  margin  in  the  ascending  scale  is  observed  and  pure  troostite 
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is  obtained,  with  a  marked  lowering  of  the  hardness.  The  aathors 
have  pointed  out,  in  the  last  column  of  Table  IV.  (IIIb),  the 
curious  fact  that  in  this  series  of  experiments  only  the  cylinder 


FiQ.  60. — Facflixnile  of  Carves  recofded  from  thie  oommenoement  of  Quenching  at  aboat  826° 
in  Water,  for  a  Cylinder  10  mm.  in  Diameter,  with  0*8  per  cent,  carbon  and  0^  per 
cent,  manganeee.  Complete  qnenchinff  and  quenehings  of  limited  doratioii,  with 
interrapticmB  of  the  curve  every  6  seocnids.  ^^ 


quenched  to  complete  cooling  in  water  was  free  from  cracks. 
They  will  revert  presently  to  these  phenomena. 

To  sum  up,  the  following  conclusions  are  arrived  at : 
1.  With  rates  of  quenching  distinctly  higher  than  the  critical 
rates  it  was  possible  by  the  method  of  limiting  the  duration  of 
the  rapid  cooling,  that  is  to  say  of  the  quenching  proper,  to  lower 
the  temperature  of  the  recalescence  Ar'  down  to  460°.  As 
energetic  quenching  is  involved,  the  solid  solution  of  y  iron-carbon 
which  occurs  at  high  temperatures  persists,  for  the  reason 
previously  noted,  during,  the  rapid  cooling,  down  to  800°  or  850°  ; 
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Platb  XXX. 


connections  showing  the  heating  anungements. 
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Plate  XXXII. 


Etched  for  one  minute  with  a  4  per  cent,  solution  of  metanitrobenzolsulphonic 
acid  in  ethylic  acid. 


No.  1.     Steel  g,    with   1,07%    C.  and  0.08%   Nln.  No.  2.      Steel  g,  with   1,07%    C.   and  0,08%  Mn. 

Cylinder  of  13mm.  diameter  quenched  at  750^.  Cylinder  of  14mm.  diameter  quenched  at  760°. 

T  =  (5,6sec.  ;   A  =617.     Martensite.     x  7o.  T ^6.9  sec. ;  A --467.    Troostite and  Martensite. 

X  75. 


No.  8.      Same  as   No.    2.      Highly  magnified.  No.  4.     Steel  d,   with  0,50%  C.  and   0,80%   Mn. 

Cementite  and  Martensite.     x  870.  Cylinder  of  12mm.  diameter  quenched  at  748°. 

T  =  4,5  sec. ;  A  =  459.   Troostite  and  Martensite. 
X  75. 

[To  face  page  544. 
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Plate   XXXI II 


Etched  for  one  minute  with  a  4%  solution  of  metanitrobenzolsulphonic 
acid  in  ethylic  acid. 


No.  5.     Same  as  No.  4.  plate  \'I.     Considerably  No.  6.      Siecl  d,  with  0.50%  C.  and  0,30%    Mn. 

magnified.    Troostite.  Ferriir.  and  Martensite,  Cylinder  of  14mm.  diameter  quenched  at  750 \ 

X  870.  T'=4.Hsec.;   A  =859.     Troostite  and  Ferriu 


No.  7.     Same  sample  as  No.  6.    Highly  magnified.  No.    8.      Steel  f.  with  0.81%  C.  and  0,21%   Mn. 

Troostite  and  Ferrite.      x  870.  Cylinder   18mm.    diameter  quenched  at  860^ 

T  ^  9  sec.  ;  A  =  593.    Austenite  and  Martensitt- 
X  870. 
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Plate  XXXIV. 


#v 


No.  9.  Hypoeuteclic  Steel  d,  with  0,50%  C.  and  0,18%  Mn.  PVacture  mid-lenglh  in  cylinders 
8,  10»  12,  14,  16,  and  18  mm.  diameter,  showing  the  depth  of  penetration  of  the  Iiardness 
by  the  difference  in  the  appearance  of  the  troostitic  and  the  martensilic  areas. 


No.  10.  Steel  g,  with  1.07%  C.  and  0,08%  Mn.  Quenched  at 
about  750°  in  the  sprinkling  appliance.  View  of  the 
cylindrical  surfaces  (wlished  and  etched  with  picric  acid. 
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Plate  XXXV. 


Xo.  11.  Irregular  distribution  of  the  ferrite  in  a  steel  containing 
0,83%  of  carbon  quenchcfl  in  water  at  8«0''  and  interrupted 
at  670°.     Centre  of  a  cylinder  ISnini.  in  diameter,      x  200. 


-J 


Xo.   12. 
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below  this  temperature,  and  from  the  commencement  of  an  im- 
interrupted  quenching  it  undergoes  the  Ar''  transformation 
which  leads  to  the  birth  of  martensite.  It  is  therefore  a  direct 
and  immediate  transformation  of  the  solid  troostite  solution 
which  is  caused  in  such  cases  at  a  temperature  which  is  distinctly 
lower  than  that  at  which  it  has  been  usually  observed  to  occur 
hitherto ;  this  reaction  has  a  positive  acceleration  which  mani- 
fests itself  by  a  well-marked  rise  of  temperature  in  the  curves 
recorded. 

On  the  other  hand,  if  the  indirect  and  irreversible  method  of 
annealing  after  energetic  quenching  be  adopted,  that  is  to  say 
by  the  intervention  of  the  martensite  state,  the  reaction,  even 
in  the  same  temperature  ranges,  is  greatly  delayed.  The  pro- 
cedure is  different. 

2.  In  the  neighbourhood  of  the  critical  quenching  temperature 
it  has  been  possible  to  observe  the  commencement  of  the  direct 
reaction  at  temperatures  even  lower,  viz.  380°. 

3.  In  the  case  of  quenching  rates  lower  than  the  critical  rate, 
recalescence  having  occurred  at  a  high  temperature  during  the 
course  of  rapid  cooling,  troostite  is  always  found,  and  the  degree 
of  the  temperature  of  emersion  does  not  appreciably  alter  the 
structure,  or,  consequently,  the  hardness. 

4.  In  the  case  of  energetic  quenchings  (at  rates  higher  than 
the  critical  rate),  apart  from  the  slight  diminution  in  the  hardness 
due  to  the  annealing  effect,  it  may  be  seen  that  it  is  possible, 
without  notably  affecting  the  hardness,  to  stop  the  quenching 
at  temperatures  ranging  up  to  350°.  It  should  here  be  clearly 
understood  that  what  is  involved  is  the  actual  temperature  at  a 
given  point  within  the  sample  and  not  a  surface  temperature,  or 
an  **  average  temperature  "  ascertained  by  calorimetric  methods. 
We  thus  obtain  an  upper  limit  for  the  arrestation  of  quenching, 
from  the  point  of  view  of  the  hardening  which  results  from  this 
operation,  but,  owing  to  the  cracks  observed  in  one  series  of  the 
experiments,  it  is  perhaps  safer  not  to  seek  to  profit  by  the  whole 
margin  of  immersion  temperature  which  is  thus  available. 

However  this  may  be,  the  authors  believe  that,  from  the 
practical  point  of  view,  they  have,  this  time,  secured  infor- 
mation hitherto  lacking  in  regard  to  the  real  upper  limit  of  im- 
mersion temperatures. 
1919— i.  2  N 
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VIII.  Effect  of  the  Crystalline  Particles  on  the  Critical 
Quenching  Bate  and  its  Consequences. 

If  we  review  the  series  of  statements  made  in  the  course  of 
the  experiments  hitherto  described,  we  find  ourselves  in  the 
presence  of  the  following  facts  : 

1.  The  critical  rate  of  quenching,  for  a  given  initial  quenching 
temperature,  approaches  its  minimum  in  the  neighbourhood  of 
the  eutectic  composition.    "(Section  III.) 

2.  Baising  the  quenching  temperature  in  the  neighbourhood 
of  the  critical  rate  tends  to  make  Ar^  disappear.  (Sections  V. 
and  VI.  and  curves  of  Pig.  45.) 

8.  A  second  quenching  tends  similarly,  if  the  critical  rate  be 
closely  approached,  to  make  Ar^  disappear.  (Section  IV.  and 
curves  No.  2  of  Pig.  42.) 

4.  With  steels  the  percentage  of  carbon  in  which  is  far  removed 
from  the  eutectic  proportions,  segregation  of  the  proto-eutectic 
element  (feriite,  or  free  cementite)  manifests  itself,  before  Ar^, 
by  a  diminution  in  the  cooling  curve.  (Section  IV.  and  curves 
1,  2,  8,  and  5  of  Pig.  42.) 

5.  The  troostite  in  the  non-eutectic  steels  is  always  accom- 
panied by  the  pro-eutectio  constituent ;  the  proto-eutectic 
elements  being,  generally  speaking,  surrounded  by  the  troostite. 

This  brings  out  strongly  in  evidence  the  r6le  of  the  crys- 
talline particles  visible  under  the  magnifications  at  the  authors' 
disposal.  The  presence  of  ferrite  or  of  cementite,  the  constituent 
elements  of  troostite,  favour  the  separation  of  the  latter  within 
the  solid  7  iron-carbon  solution.  These  crystalline  starting- 
points,  either  visible  or  ultra-microscopic,  may  exist  either  as 
the  result  of  the  non-solution  of  the  pro-eutectic  elements  at 
the  commencement  of  the  heating,  owing  to  the  duration  of  the 
heating  being  insufficiently  prolonged,  or  because  the  temperature 
reached  has  not  been  high  enough,  or  as  the  result  of  the  segrega- 
tion of  these  elements  during  the  period  of  the  commencement 
of  the  heating. 

These  phenomena  would  be  accentuated  to  start  with  if, 
before  heating,  the  elements  be  coarser  or  further  apart,  which 
would  hamper  the  complete  chemical  homogenisation  of  the  solid 
solution  at  the  commencement  of  heating,  or  if  various  causes 
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conduced,  on  cooling,  to  the  precipitation  of  the  pro-eutectic 
element.  The  presence  of  inclusions  is,  in  particular,  known 
either  by  their  physical  action  (Ziegler)  or  by  their  chemical 
action  (Giolitti  and  Zublena)  to  be  a  determining  cause  of  the 
formation  of  ferrite  or  of  cementite  from  the  commencement  of 
cooling  ;  it  will  therefore  influence  the  critical  rate  of  quenching. 
These  considerations  are,  however,  all  only  particular  instances 
of  the  definition  of  the  initial  state  of  quenching,  as  stated  in 
paragraph  1  of  the  second  part  of  this  paper.  In  order  not  to 
labour  unduly  the  influence  and  results  of  this  initial  state,  the 
authors  will  confine  themselves  to  the  several  points  which  follow. 
There  will  thus  be  seen  the  effect  of  the  intervention  of  the 
following  factors,  which  it  will  suffice  to  enumerate,  on  the  critical 
rate  of  quenching : 

(a)  The  duration  of  the  heating. 

(b)  The  size  and  distribution  of  the  structural  elements  of 
the  steel  before  heating. 

(c)  The  presence  of  inclusions. 

The  critical  rate  of  quenching  can  therefore  vary  for  the 
same  steel  and  the  same  initial  quenching  temperature,  accord- 
ing to  the  heat  treatment  it  has  previously  undergone,  and  in 
particular,  any  prior  treatment  which  has  the  result  of  increasing 
the  fineness  of  the  elements  will  increase  the  critical  rate  of 
quenching,  and  may  subsequently  play  the  part  of  a  "previous  " 
treatment. 

As  the  presence  and  distribution  of  inclusions  may  vary 
according  to  the  process  by  which  the  steel  has  been  made  (con- 
verter, crucible,  or  open-hearth,  or  acid  or  basic  process)  and 
the  conditions  of  teeming,  the  critical  rate  of  cooling  may  be 
modified  by  such  cause.  Without  emphasising  these  problems, 
the  solution  of  which  is  beyond  the  scope  assigned  to  the  present 
investigation,  it  will  be  immediately  seen  that  the  influence 
of  the  size  of  the  structural  elements,  of  the  percentage  of 
manganese,  and  of  inclusions,  allow  of  specially  explaining  the 
peculiarities  to  which  the  quenching  of  steel  gives  rise,  according 
to  the  process  of  manufacture  and  mode  of  treatment  adopted 
at  the  steelworks,  from  the  threefold  point  of  view  of  the  depth 
of  penetration  of  the  hardening,  the  range  within  which  hardening 
takes  place,  and  the  frequency  with  which  cracks  occur. 
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X.  Conclusions. 

The  general  conclusions  to  be  drawn  from  this  investigation 
have  already  been  briefly  summarised  in  the  communications 
presented  to  the  Academy  of  Sciences  on  May  14  and  June  4, 
1917,  but  the  limited  space  allowed  for  such  communications 
prevented  their  being  afforded  the  full  development  given  them 
in  the  course  of  this  paper,  and  certain  details  had  even  to  be 
passed  over  entirely  for  that  reason. 

If  the  views  obtained  in  the  successive  series  of  experiments 
which  form  the  subject  of  the  preceding  sections  be  recapitulated 
one  by  one,  it  is  possible  to  formulate  the  following  conclusions 
in  regard  to  carbon  steels : 

1.  During  the  course  of  a  single  cooling,  that  is  to  say,  with 
a  temperature  falling  regularly,  the  formation  of  troostite  corre- 
sponds with  a  rapid  transformation  at  a  high  temperature  (about 
650°),  and  that  of  martensite  with  a  transformation  which  is  rela- 
tively slow  as  compared  with  the  former,  and  takes  place  at  a 
low  temperature  (about  300°  and  under). 

This  has  been  confirmed  by  the  dilatometrical  investigation 
of  the  cooling  of  fine  wire  in  nitrogen  and  in  hydrogen  by 
Mr.  Chevenard,^  and  agrees  with  what  has  for  a  long  time  past 
been  known  from  the  investigation  of  self-hardening  chromium- 
tungsten  steels  and  chromium-nickel  steels.  Recently  Mr. 
Dejean  ^  has  verified  it  for  self-hardening  nickel  and  manganese 
steels. 

2.  These  transformations  are  shown  on  the  cooling  curves  by 
anomaUes — one,  clearly  visible  by  simple  examination  of  the 
temperature-time  curves  (Ar') ;  the  other  marked  by  a  simple 
change  in  the  gradient,  sometimes  visible  on  inspection  of  the 
curves,  but  in  any  case  discernible  on  comparing  them  with  the 
cooling  curves  of  metals  and  alloys  not  presenting  transformation 
points,  bearing  in  mind  the  principles  of  comparing  curves  laid 
down  in  the  first  part  of  this  paper. 

1  Comptea  Rendus,  1917,  vol.  obey.  p.  69.  Mr.  Dejean  {Revue  de  MUaUvrgie,  1917,  toL  xt.) 
also  carried  oat  experiments  on  quenching  carbon  steels,  biit  the  present  authors  are  unable 
to  express  any  opinion  respecting  the  anomaly  he  describes  as  occurring  at  about  100°,  seeiiig 
that  the  conditions  of  recording  the  carves  are  not  given,  and  taking  into  consideraticm  the 
size  of  the  samples  which,  after  quenching,  were  all  troo8titic(r,700^to  100°;  varies  from  1| 
minutes  to  12  seconds). 

•  Oompies  Rendua,  1917,  YoL  dxv.  p.  183. 
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8.  If,  in  the  case  of  the  same  steel  and  the  same  initial  tempera- 
ture of  cooling,  the  rate  of  cooling  be  accelerated  or,  more  correctly, 
the  average  rate  of  cooling,  in  accordance  with  the  laws  as  to 
similar  coolings,  the  lowering  of  the  transformation  point  does 
not  take  place  uniformly.  There  is  a  discontinuity,  or  at  least  a 
variation,  in  the  position  of  the  transformation,  which  is  not  a 
gradual  one.  After  having  been  gradually  lowered  the  cooling 
anomaly  shifts  from  the  position  Ar'  to  the  position  Ar*,  whence 
is  derived  the  conception  of  a  "  critical  quenching  rate.'*  In 
reaUty  this  expression,  which  the  authors  have  adopted  to  describe 
the  phenomena  they  wished  to  draw  attention  to,  although  a 
simpler  phrase,  ought  to  be  replaced  by  the  description  "  critical 
zone  of  rate  of  quenching  "  (or  hardening)  if  the  phenomenon  of 
the  doubling  of  the  transformation  point  resulting  in  the  presence 
of  troostite  and  martensite  be  taken  into  consideration.  As 
one  of  the  present  authors  has  pointed  out  in  connection  with 
nickel-chromium  steels,^  there  is  a  minimum  rate  of  hard  marten- 
sitic  quenching,  with  a  single  transformation,  Ar",  at  low  tem- 
perature and  a  maximum  rate  of  soft  troostitic  hardening,  Ar', 
at  high  temperature.  Owing  to  the  experimental  difficulties 
arising  from  the  rapidity  of  these  phenomena,  they  have  not  been 
able  actually  to  define  these  two  rates,  which  are,  at  all  events, 
very  close  to  one  another  in  carbon  steels,  hence  the  adoption 
of  a  single  term  to  express  these  two  designations.  Analogous 
conditions  apply  in  respect  to  quenching  temperatures. 

For  the  special  steels,  experimental  investigation  will  be 
found  incomparably  easier,  as  these  phenomena  can  be  observed 
for  much  slower  rates  of  cooling,  and  the  arrangements,  which 
have  for  a  long  time  past  been  employed  for  the  experimental 
study  of  critical  points,  would  readily  bring  them  out.  What, 
however,  the  present  authors  consider  it  essential  to  point  out 
is  that,  as  regards  rates  which  are  closely  similar,  the  appearance, 
general  laws,  and  results  of  the  phenomena  are  identical. 

4.  This  critical  rate  of  quenching  is  marked  not  only,  as  has 
been  said,  by  the  position  of  the  anomaUes  on  the  cooling  curves, 
but  is  also  shown  : 

(a)  By  the  examination  of  the  microstructure,  in  relation 
to  the  rapidity  of  cooling. 

1  Porteyin,  Bevue  de  MitaUurgit,  1017,  toL  zIt.  p.  107. 
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(b)  By  studying  the  duration  of  quenching  t,  in  relation  to 
the  diameters  of  geometrically  similar  cylinders. 

(c)  By  studying  the  hardness  in  relation  to  the  duration  of 
cooling, 

starting,   in   each   case,  with   the  same  initial  state    at    the 
commencement  of  cooling. 

5.  There  are  therefore  hard  martensitic  quenchings  (energetic 
quenchings)  or  soft  troostitic  quenchings,  according  to  the  position 
of  the  cooling  transformation,  and  it  has  been  possible,  in  the  case 
of  carbon  steels,  to  observe  the  phenomenon  of  the  doubling  of 
the  point  of  transformation  which,  in  the  case  of  special  steels, 
has  for  a  long  time  past  been  known  to  occur.  In  such  case,  the 
simultaneous  occurrence  of  both  Ar'  and  Ar''  in  the  course  of  a 
single  cooling  leads  to  the  co-existence  of  troostite  and  martensite. 

6.  In  identical  conditions  of  heating  and  of  the  law  of  cool- 
ing the  critical  rate  appears  to  present  a  minimum  near  the 
eutectic  composition,  and  on  the  other  hand,  to  decrease  with  the 
percentage  of  manganese. 

7.  Various  authors  have  deduced  conclusions  relating  to  the 
influence  of  the  mass  of  the  samples,  and  of  the  agitation  of  the 
quenching  liquid  on  the  duration  of  the  quenching ;  and  as  to 
the  influence  of  the  temperature  of  quenching,  and  of  the  tempera- 
ture of  the  water  on  the  surface  hardness.  These  conclusions  are 
valid  only  so  long  as  the  field  of  investigations  does  not  include 
the  critical  rate.    For  example  : 

(a)  With  geometrically  similar  cylinders,  the  duration  of 
cooling  T  increases  proportionally  with  the  diameter — that  is 
to  say,  in  the  ratio  of  mass  :  surface,  which  is  confirmed  by  the 
results  given  by  Professor  H.  Le  Chatelier  and  discussed  by 
Dr.  Benedicks,  yet  a  discontinuity  is  observable  when  the  critical 
rate  is  involved. 

(b)  In  the  case  of  energetic  quenchings  (the  surfaces  of  small 
samples)  the  hardness  after  quenching  is  not  appreciably  affected 
by  raising  the  quenching  temperature  (McCance).  On  the  other 
hand,  in  the  vicinity  of  the  critical  rate  the  quenching  tempera- 
ture may  have  a  well-marked  influence. 

(c)  The  agitation  or  the  rate  of  the  circulation  of  the  water  in 
the  quenching  bath  has  little  effect  on  the  hardness  or  on  the  dura- 
tion of  the  cooling  in  the  case  of  energetic  quenchings — that  is  to 
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say,  when  it  operates  well  above  the  oritical  temperature.  This 
is  no  longer  the  case  when  this  rate  is  approached.  Similar 
considerations  apply  in  respect  of  the  temperature  of  the  water. 

8.  The  initial  state  has  considerable  importance,  because  of 
the  action  of  the  crystalline  particles,  which  tend  to  diminish 
the  lag  in  the  transformation  of  the  solid  7  iron-carbon  solution, 
and  to  provoke,  as  a  result,  the  formation  of  troostite.  The  part 
these  crystal  starting-points  play  is  shown  by  the  effect  of  raising 
the  temperature  of  quenching,  and  of  repeated  quenchings  in  the 
neighbourhood  of  the  critical  rate,  by  an  examination  of  the  cooling 
curves  above  Ar'  in  regard  to  steels  of  composition  far  removed 
from  the  eutectic,  by  the  fact  that  the  critical  rate  of  quenching 
is  at  a  minimum  in  steels  approximating  to  the  eutectic  composi- 
tion, and  by  the  presence  of  the  pro-eutectic  constituent  which 
always  accompanies  the  troostite  in  steels  differing  from  the 
eutectic  composition. 

This  influence  of  the  crystalline  starting-points  extends  to 
cases  where  their  minuteness  leads  to  their  escaping  recognition 
by  the  actual  methods  of  investigation  employed  when  it  arises 
that  the  following  factors  influence  the  result : 

The  duration  of  the  heating  before  quenching. 

The  size  and  original  distribution  of  the  structural  elements. 

The  presence  of  inclusions. 

The  treatment  preparatory  to  quenching. 

From  the  foregoing  there  may  be  derived  the  explanation  of 
many  practical  facts  relating  to  depth  of  hardening,  range  of 
hardening  temperature,  and  the  frequency  of  cracks. 

9.  Troostite  represents,  in  the  state  of  extremely  subdivided 
elements  not  visible  under  the  microscope,  the  system  in  the 
chemically  stable  state  in  the  cold — that  is  to  say,  the  mixture  of 
the  two  phases  y  iron  and  FejC.  In  steels  far  removed  from  the 
eutectic  composition  the  troostite  is  always  accompanied  by 
visible  pro-eutectic  elements.  It  is  not  in  structural  equilibrium 
with,  but  furnishes  the  same  constituent  elements  as  pearlite. 

10.  The  direct  invertible  and  quasi-reversible  soUd  solution 
<y  iron-carbon  ->  complex  Fe^C  +  a-iron,  which  characterises,  at 
a  falling  temperature,  the  formation  of  troostite,  and  as  regards 
continued  cooling  takes  place  at  about  650°^  can,  by  interrupting 
a  rapid  cooling  the  rate  of  which  is  greater  than  the  critical 
rate  of  quenching,  take  place  at  a  lower  temperature  and  has 
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been  noted  at  about  400°  to  450''.  In  these  circumstances  the 
troostite  occurs,  after  immersion  with  recalescence,  very  strongly 
marked  and  bulky.  It  is  therefore  a  sharply  defined  reaction, 
whereas  the  indirect,  non-invertible  and  hence  irreversible  trans- 
formation (which  takes  place  during  annealing  and  gives  birth 
similarly  to  constituents  which  in  appearance,  nature,  and  staining 
properties  with  suitable  reagents  are  analogous,  and  are  described 
by  different  authors  as  troostite,  osmondite,  and  sorbite)  takes 
place  at  a  relatively  slow  rate. 

11.  The  temperature  of  850°  appears,  as  regards  carbon  steels, 
to  be  an  upper  Umit  of  desirable  temperature  of  immersion  in  the 
case  of  interrupted  quenchings  or  of  Umited  hardness,  without 
causing  an  appreciable  diminution  in  the  hardness  beyond  that 
due  to  the  sUght  annealing  which  takes  place  during  the  second 
stage  of  the  operation. 

APPENDICES. 

No.  I. — Note  on  the  Influence  of  the  Internal  Evolution 
OF  Heat  on  the  Duration  of  Cooling. 

When,  in  the  course  of  cooling  from  Ti  to  To  there  occurs, 
as  the  result  of  an  internal  transformation,  a  Uberation  of  heat, 
the  duration  of  the  cooling  t,  between  Ti  and  Tq,  is  increased  by 
an  amoimt  At.  This  varies  not  only  with  Q,  the  quantity  of 
heat  Uberated  during  the  transformation,  but  also  with  the  point 
on  the  temperature  scale  at  which  the  heat  is  Uberated.  For  a 
given  quantity  of  heat  Q  set  free  At  is  larger  in  proportion  as 
the  temperature  of  transformation  is  lower.  It  is  easy  to  verify 
this  by  examining  a  case  where  the  transformation  shows  itself, 
on  the  cooling  curve,  by  a  horizontal  bend  or  step.^  The 
length  Az  of  this  step  is  such  that 

dt       Q 

dt 
the   time ;    %-  being  the  rate  of  cooling  at  the  temperature  t 

of  transformation ;  Q  the  quantity  of  heat  Uberated,  and  cP 
the  calorific  capacity  of  the  body  at  t. 

1  Porteviu,  Revut  d€  MiUdlurgit,  1907,  vol.  Iv.  p.  806. 
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If  cP  be  regarded  as  practically  constant,  l^z  varies  in  inverse 
ratio  to  ^-,  a  rate  which  decreases  with  the  temperature. 

Now  A^  is  the  amount  by  which  the  cooling  curve  is  displaced 
horizontally,  owing  to  the  interposition  of  the  step — that  is  to 
say,  of  the  thermal  transformation.  It  is  therefore  equivalent  to 
At.  Thus,  if  the  transformation  be  assumed  to  be  complete, 
that  is,  if  Q  is  constant  at  temperatures,  At  will  increase 
as  the  temperature  t  is  lowered.  If  the  cooUng  be  assumed  to 
follow  Newton's  law —  ^ 

di 

where  0  is  the  temperature  of  the  medium  in  which  the  cooling 
takes  place. 

At  then  increases  in  inverse  ratio  to  t  —  0,  that  is,  practically 
in  proportion  to  t,  the  temperature  of  transformation,  if  0  be 
insignificant  as  compared  with  L  It  should  be  understood,  of 
course,  that  this  explanation  has  been  purposely  simplified,  and 
that  it  serves  no  other  purpose  than  the  better  to  convey  the 
notion  of  the  mechanism  of  the  effect  of  lowering  the  temperature 
on  t,  the  duration  of  the  cooling.  In  reaUty,  in  the  case  of  steels, 
cP  cannot  be  regarded  as  constant  in  respect  to  t,  besides  which 
the  transformation  does  not  take  place  at  a  definite  temperature 
but  extends  over  larger  or  smaller  intervals  in  the  temperature 
scale. 

Qualitatively  the  result  is  the  same ;  each  time  that  the 
transformation  is  relegated  to  a  lower  temperature  t  increases, 
and  the  effect  previously  described  is  of  sufiicient  importance 
for  this  increase  of  t  to  manifest  itself  if,  owing  to  the  effect 
of  its  relegation  to  lower  temperatures,  the  transformation  is 
incomplete. 

No.  II. — Temperature  op  the  Starting  op  Cracks. 

No  definite  information  is  available  as  to  the  temperature  at 
which  cracks  commence.  This  arises,  on  the  one  hand,  from  the 
difficulties  of  recording  temperatures  during  the  course  of  very 
rapid  coolings,  and  on  the  other  hand,  on  the  impossibility  of 
noting  definitely  the  exact  moment  when  the  crack  occurs. 
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During  the  course  of  these  experiments  very  few  specimens 
cracked,  some  at  the  ordinary  temperature,  that  is,  after  quenching 
was  completed,  and  others  during  the  quenching  operation.  The 
samples  being  cylindrical  and  the  cooling  being  symmetrical 
in  respect  to  the  axis,  the  cracks  would  have  this  axis  as  an 
element  of  symmetry,  hence  they  were  either  in  a  diametrical 
direction,  that  is,  in  a  direction  following  a  plane  passing 
through  the  axis,  or  perpendicular  to  that  axis. 

This  is  what  occurred  in  the  case  of  the  cylinder  shown  in 
No.  12,  Plate  XXXV.,  which  in  the  course  of  quenching  cracked 
along  a  section  midway,  the  crack  being  evidently  started  in  the 
little  circular  nick  at  this  position,  which  was  made  in  each  of  the 
specimens  with  the  very  object  of  helping  to  fracture  the  sample 
after  quenching.  Ultimately  the  upper  half  of  the  cylinder 
fractured  spontaneously  in  the  cold,  along  a  diametrical  plane. 

The  first  crack  went  completely  to  the  centre,  to  the  spot 
where  the  thermo-junction  of  the  couple  was,  whence  arose  the 
sudden  cooling  marked  on  the  curve  by  a  vertical  bend  at  a 
temperature  of  70°.  We  can  therefore  know,  in  regard  to  this 
sample,  the  exact  time  and  temperature  of  the  starting  of  the 
cracks ;  one  at  70°  and  the  other  at  10°,  that  is  to  say,  at  a 
very  low  temperature. 

This  can  easily  be  explained,  but  affords  a  direct  experimental 
proof  of  what  might  have  been  foreseen.  It  shows  the  usefulness 
of  arresting  the  quenching  and  removing  the  hot  samples  from 
the  quenching  bath,  if  they  be  liable  to  flaws. 

In  regard  to  the  other  cracked  samples,  the  cracks  occurred 
in  the  interiors  or  externally  without  reaching  the  locality  of  the 
couple,  hence  the  temperature  of  their  starting  points  is  not  known. 

No.  III. — Experiments  on  Special  Steels. 

To  investigate  the  influence  of  the  special  metals,  manganese, 
silicon,  chromium,  tungsten,  &c.,  on  the  critical  rate  of  quenching 
would  have  led  the  authors  too  far,  particularly  as  the  question 
had  not  been  fully  exhausted  as  regards  carbon  steels,  despite  the 
numerous  experiments  made.  Besides  this,  the  authors  had  only 
a  limited  time  at  their  disposal,  while  their  means  of  investiga- 
tion were  reduced  to  the  simplest.    They  made,  however,  a  very 
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small  number  of  experiments  on  certain  special  steels,  the  results 
of  which  are  briefly  given. 

The  steels  experimented  with  had  the  following  chemical 
composition : 


No. 


4X2 
4N6 
9N2 
8M2 
8C2 
8W2 


Carbon 
per  Gent. 


0-21 
0-20 
0-80 
0-93 
0-89 
0-80 


Manganese 

SiHcon 

Other  Elements 

per  Cent. 

per  Cent. 

per  Cent. 

002 

003 

1-97  niokel 

0-02 

0-04 

4-90      n 

Oil 

010 

2-20     „ 

1-97 

103 

010 

0-28 

2*14  ohrominmi 

006 

0-06 

2*76  tungsten 

The  samples,  in  cylinders  18  mms.  in  diameter,  were  quenched 
at  about  800^  in  the  case  of  low  percentages  of  carbon  (4N2  and 
4N6)  at  about  725°  to  750°  in  the  case  of  steels  containing  about 
OBO  per  cent,  of  carbon.  The  curves  of  average  cooling  are 
shown  in  Figs.  51  and  52. 

The  curves  of  steels  9N2,  8M2,  and  8C2  (No.  3  of  Fig.  51,  and 
Nos.  2  and  3  of  Fig.  52)  show  no  Ar'  point ;  they  have  undergone 
hard  martensitic  quenching,  which  was  easily  to  have  been  fore- 
seen. On  the  other  hand,  the  steel  8W2  affords  a  curve  (No.  1, 
Fig.  52)  with  the  Ar'  anomaly  at  about  600°.  The  steels  with 
low  carbon  (4N2  and  4N5)  have  the  anomalies  on  their  curves 
at  650°  and  400°  respectively  (1  and  2,  Fig.  51).  The  lowness 
of  the  latter  is  explained  by  the  well-known  influence  of  niokel 
on  the  transformation  points. 

The  authors  would  not,  of  course,  draw  any  general  conclusions 
whatever  from  these  tests,  which  are  only  quoted  here  to  afford 
information.  As  they  considered  it  advisable  to  carry  out  over 
250  tests  as  regards  carbon  steels,  it  may  readily  be  imagined 
that  many  more  would  be  required  before  the  effect  of  a  given 
special  element  could  be  ascertained  definitely,  seeing  that  this 
would  introduce  yet  another  variable  into  the  problem. 

No.  IV. — Influence  op  Pressure  on  the  Formation 
OF  Troostite. 

As  the  transformation  of  the  solid  solution  7-iron  +  carbon  to 
->  a-iron  +  F^jC  is  accompanied  by  an  increase  in  volume,  any 
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increase  in  pressure  will  tend  to  facilitate  it.    Now,  from  the  com- 
mencement of  cooling  and  as  the  result  of  the  initial  contraction 
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of  peripheral  zones,  the  centre  portions  of  a  piece  of  steel  should 
be  under  compression,  which  would  facilitate  the  birth  of  troostite 
at  high  temperature. 

On  the  other  hand,  the  formation  of  martensite,  starting  from 
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the  solid  7-iron  solution,  is  similarly  accompanied  by  an  increase 
in  the  volume.  In  the  final  periods  of  cooling  it  is  the  outside 
zones  which  are  under  compression,  and  this  favours  the  produc- 
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tion  of  this  constituent  at  low  temperatures.    The  authors  have 
no  data  as  to  the  amount,  distribution,  direction,  and  variation  oi 
the  mtemal  stresses  in  a  piece  of  steel  in  the  course  oi  cooling, 
and  it  is  needful  to  guard  against  hypotheses  which  depend  on  the 
effect  of  an  immeasurable  quantity,  as  there  is  always  a  tempta- 
tion to  attribute  to  it  values  fayowing  a  ynxm  conceptionB,  and 
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to  give  to  a  petitio  prindpii  the  appearance  of  a  demonstration. 
It  is  from  such  methods  of  reasoning  that  the  interminable  dis- 
putes relating  to  theories  of  quenching  have  arisen,  which  have 
no  Ukelihood  of  ending  so  long  as  they  rest  on  such  foundations. 

Nevertheless,  if  these  considerations  as  to  pressure  really  do  in- 
tervene, it  should  follow  that  the  critical  rate  of  quenching  should 
be  higher  in  samples  with  small  diameters  than  in  others,  and 
that  this  would  afford  a  method  of  obtaining  evidence  as  to  part 
played  by  pressure,  by  comparing  the  critical  rates  of  quenching 
of  samples  of  different  diameters.  It  would  thus  be  necessary 
to  vary  the  rates  of  cooling  by  altering  the  external  conditions. 

Henceforth,  however,  some  data  is  available  in  this  connection, 
by  comparing  the  results  of  the  authors'  experiments  with  the 
particulars  given  by  Mr.  Chevenard  ^  as  to  the  quenching  of  fine 
wires  of  0*28  mm.  This  quenching  of  fine  wires  in  a  gaseous 
atmosphere  (hydrogen  and  nitrogen)  was  followed  by  dilato- 
metrical  methods  of  investigation  which  show  the  Ar*  trans- 
formation at  low  temperatures  leading  to  the  birth  of  martensite, 
much  more  clearly  than  the  plotting  of  cooling  curves.  On  the 
other  hand,  the  temperatures,  and  consequently  the  law  of 
cooling,  can  only  be  known  by  assuming  the  identity  at  the  com- 
mencement of  the  phenomenon  of  transformation  of  the  tempera- 
tures of  the  steel  wires  experimented  on,  and  those  of  a  wire 
of  baros  of  the  same  diameter  (alloy  of  nickel  and  chromium : 
chromium  =  10  per  cent.)  cooling  in  the  same  medium.  Given  the 
conditions  of  comparabiUty  laws  of  cooling  noted  in  the  first  part 
of  this  paper,  and  the  important  accidental  perturbations  which  the 
authors  have  observed  in  these  laws  when  samples  of  very  small 
diameters  are  concerned  (about  8  mms.),  it  may  be  imagined  that, 
even  in  the  case  of  cooling  in  a  gaseous  atmosphere,  the  compara- 
bility is  in  danger  of  not  being  as  perfect  as  it  might  be,  a  priori 
supposed,  when  diameters  of  only  a  fraction  of  a  millimetre  are 
in  question. 

However  this  may  be,  it  will  be  seen  from  the  results  given  by 
Mr.  Chevenard  on  a  steel  containing  0-86  per  cent,  of  carbon  and 
0*15  per  cent,  of  manganese,  in  wires  of  0*32  mm.  diameter,  that 
the  critical  rate  of  quenching  exceeds  700°  seconds  at  750°,  when 
the  initial  quenching  temperature  is  in  the  neighbourhood  of 

)  Comptu  Rendue,  1917.  toL  165,  p.  69. 
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750°.  If  reference  be  made  to  the  present  authors'  experimental 
results  on  steel  with  0*81  per  cent,  of  carbon  and  0-21  per  cent, 
of  manganese,  it  will  be  found  that,  on  the  other  hand,  with 
cylinders  of  20  nuns,  in  diameter  the  critical  rate  of  quenching  is 
lower  in  these  conditions  than  100"^  seconds  at  750°. 

The  divergence  is  too  great  to  be  imputed  to  differences  in 
the  comparabiUty  of  the  experiments,  and  we  are  driven  to 
attribute  to  the  pressure  an  effective  influence  on  the  formation 
of  the  troostite,  although  it  is  only  by  quantitative  numerical 
deductions,  and  not  by  quahtative  and  a  priari  considerations, 
that  it  would  be  possible  to  say  exactly  what  that  influence  is. 
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CORRESPONDENCE. 

Dr.  A.  McCance  (Glasgow)  wrote  expressing  his  warm  admiration 
of  Messrs.  Portevin  and  Garvin's  brilliant  research.  The  difficulties 
of  carrying  out  cooling  curve  records  of  quickly  cooling  steels  could 
only  be  appreciated  by  those  who  had  tried  similar  experiments,  and 
the  numerous  results  contained  in  the  authors'  paper  testified  to  the 
success  with  which  they  had  overcome  the  possible  errors.  The  very 
full  details  given  in  the  paper  of  the  apparatus  and  the  method  of 
experiment  left  little  doubt  that  the  recorded  curves  for  the  larger 
diameters  were  very  close  to  the  actual  variations  in  temperature 
at  the  centre  of  the  specimens,  but  he  hoped  at  some  later  date  to 
analyse  theoretically  the  ability  of  the  couple  to  follow  rapid  variations 
in  temperature  and  to  find,  if  possible,  the  limitations  of  the  method, 
since  in  existing  circumstances  the  assumption  had  to  be  made  that 
thermal  lag  was  negligible.  There  was  in  consequence  not  the  same 
accuracy  possible  for  the  curves  for  the  smaller  diameters,  though 
what  the  amount  of  the  probable  error  was  could  not  be  stated. 

In  measuring  the  cooling  time  and  drawing  conclusions  from  the 
results,  it  should  not  be  forgotten  that  the  calculated  curve  did  not 
take  account  of  thermal  perturbations  due  to  molecular  changes,  and 
that  steel  was  not  the  best  material  to  use  for  comparisons.  It  would 
be  of  great  value  if  the  authors  could  give  complete  curves  for  gradually 
increasing  diameters  for  bars  of  a  metal  like  copper  or  ferro-nickel 
which  gave  smooth  cooling  curves,  and  then  compare  the  time  rates 
for  different  dimensions.  An  insight  could  then  be  obtained  into  the 
action  of  the  cooling  liquid  and  the  relative  importance  of  latent 
heat,  viscosity,  &c.,  in  the  cooling  action.  It  was  owing  to  the  varia- 
tion of  the  latter  that  he  (Dr.  McCance)  did  not  favour  the  cooling 
time  being  measured  by  the  time  taken  to  fall  from  700**  to  200**  C, 
since  the  range  was  too  large  for  comparison  purposes  and  the  law  of 
cooling  was  not  the  same  at  the  beginning  and  the  end.  In  the  initial 
stages  of  quenching  the  surface  was  automatically  kept  at  the  boiling 
temperature  of  the  liquid  in  which  the  specimen  was  immersed,  but 
when  the  flow  of  heat  was  insufficient  to  maintain  this  temperature, 
heat  was  abstracted  from  the  surface  by  convection  currents  only,  and 
the  rate  of  cooling  of  the  specimen  was  in  consequence  greatly  retarded. 
The  rate  of  cooling  was  altered  from  the  one  set  of  conditions  to  the 
other  quite  gradually  of  course,  but  where  the  change  began  was 
entirely  unknown.  In  addition,  thermal  change  points  in  the  material 
had  a  very  pronounced  influence  on  the  cooling  rate,  as  Messrs.  Portevin 
and  Garvin  had  so  clearly  shown,  so  that  the  range  700**  to  200**  could 
not  be  used  to  demonstrate  the  variation  in  cooling  rate  with  the 
dimensions  of  the  bars.    For  comparison  purposes  the  velocity  of 
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cooling  in  ^Jegrees  per  second  at  some  specified  temperature  (prefer- 
ably 700°  C.  for  steel)  was  much  more  suitable  and  accurate.  Only 
when  such  figures  were  available  could  the  law  connecting  the  rate 
of  cooling  and  the  diameter  be  found  out. 

He  (Dr.  McCance)  thought  Messrs.  Portevin  and  Garvin  did  not 
correctly  state  his  attitude  with  regard  to  the  calculated  cooling  curves. 
He  had  really  endeavoured  to  show  that  such  curves  could  be  calculated 
in  specific  instances,  and  by  using  that  knowledge  he  had  proved  that 
qualitative  deductions  based  on  Fourier's  theory  of  heat  were  actually 
borne  out  by  the  experimental  results.  Such  curves  were  calculated 
for  rods  in  which  the  cooling  effect  of  the  ends  was  neglected,  and  in 
his  own  experiments  the  dimensions  of  the  rods  were  intentionally 
chosen  so  that  that  could  be  done,  and  the  diameter,  9  millimetres,  was 
so  near  that  of  6-5  millimetres  employed  by  Benedicks,  that  no  great 
error  arose  in  altering  the  calculation  to  suit  the  different  variables. 
The  results,  he  thought,  justified  the  means.  For  instance,  taking 
the  critical  velocity  of  cooling,  by  applying  his  formula  to  the  bars  of 
0*86  per  cent,  carbon  steel  with  0-07  per  cent,  manganese,  the  velocity 
at  700**  C.  came  out  between  168°  and  180°  per  second,^  the  mean 
being  174°.  Now  from  Fig.  31  in  the  authors'  paper  the  critical  rate 
for  a  steel  with  1-07  per  cent,  carbon  and  0*08  per  cent,  manganese 
was  as  near  as  could  be  measured  175°  C.  per  second.  Perhaps  Messrs. 
Portevin  and  Garvin,  however,  would  be  good  enough  to  give  the 
exact  figures  from  their  original  curves.  The  closeness  of  those  results 
was  striking  proof  that  the  formula  which  he  (Dr.  McCance)  gave  was 
correct  within  the  limits  of  its  application. 

Again,  taking  Fig.  18  and  calculating  for  a  value  of  P  of  0*0824, 
the  times  and  temperatures,  using  700°  as  zero  time,  calculated  and 
observed  were  as  follows  : 
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Again  it  would  be  seen  that  the  theoretical  basis  was  justified. 
The  effect  of  the  short  ratio  of  length  to  diameter  had  not  been  taken 
into  accoimt,  but  it  had  not  really  much  effect  in  that  case  since  the 
correction  amounted  only  to  about  5°  in  the  neighbourhood  of  300° 
and  grew  less  at  each  end  of  the  curve. 

It  might  be  as  well  to  give  in  that  connection  the  general  instance 
of  a  short  rod  of  length  21  and  diameter  2o  heated  to  any  temperature 
/(r,  0,  z)  and  plunged  into  a  liquid  which  kept  the  sides  and  ends  every- 

1  Journal  of  the  Iron  and  Sted  ImtituU,  1916,  No.  I.  p.  161. 
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where  at  zero  temperature.    The  temperature  at  any  point  was  then 
given  by  the  expression 

T^y    y    ye       V  «•   ^J»(/if).Sm^(«+0.A^«»Co8ii«+BMmi».«lai.5 

where  the  coefficient  A^imn  was  given  by 

fa  r+l  /•+» 

^nifJ^)dr  I     Q'mmir{*+l)dz  Cctne  f{r,  $,  x)  d$ 

2        Jo  J-Z      W  J-ir 


A 


and  a  similar  expression  held  good  for  Bfimn  with  sin  nO    replacing 
cos  nO.    Ja  was  the  bessel  function  of  the  Nth  order. 

Many  would  be  relieved  to  know  that  that  simplified  into 
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in  which  X  was  the  function  given  on  p.  498  in  the  paper,  and 

7-0-427  .-^.  fi 

That  formula  made  a  slight  difierence  which  had  the  effect  of 
shortening  the  cooling  time  for  the  larger  diameters  so  that  they  were 
no  longer  proportional  to  d*  but  to  a  power  slightly  less  than  2.  It 
also  prevented  the  curves  being  derived  from  one  parent  curve,  but 
they  could  be  derived  from  two  parent  curves  by  expressing  the  second 
portion  as  a  coefficient  of  unity. 

On  taking  the  cooling  velocity  at  700®  from  Fig.  39  of  the  authors' 
paper  by  drawing  a  tangent  to  the  curves  and  plotting  the  result  as 
the  inverse  of  that  against  the  diameter,  the  curve  Fig.  A  showed  that 
the  cooling  velocity  was  not  proportional  to  the  diameter  as  was  the 
cooling  time  of  the  authors'  700°  to  200°,  but  that  it  was  proportional 
to  some  power  of  the  diameter  greater  than  1  but  less  than  2.  It  was, 
as  he  had  previously  stated,  probable  that  the  recorded  curves  for 
the  quicker  rates  of  cooling  were  to  some  extent  influenced  by  thermal 
lag. 

Turning  to  the  metallurgical  results  he  was  glad  to  see  that  every- 
thing Messrs.  Portevin  and  Garvin  had  found  was  in  keeping  with  the 
views  which  he  had  expressed  in  1914  and  still  held  as  his  considered 
opinion.  The  authors  had  proved  in  the  most  convincing  manner 
what  he  (Dr.  McCance)  had  only  been  able  to  surmise,  namely  that 
the  change  from  gamma  to  alpha  iron  could  take  place  independently 
of  the  carbon  change  when  the  rate  of  cooling  exceeded  a  certain 
critical  value  which  was  different  for  steels  of  different  composition. 
That  was  the  beginning  of  the  end  of  the  mystery  of  steel  hardening 
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and  conclusions  would  undoubtedly  follow  quickly.  It  might  interest 
the  authors  to  know  that  work  which  he  (Dr.  McCance)  had  com- 
menced in  continuation  of  his  own  work  on  hardening,  which  had  been 
laid  aside  during  the  last  five  years  owing  to  the  pressure  of  other 
duties,  went  to  show  that,  on  tempering,  a  similar  splitting  up  took 
place,  and  that  the  gamma  iron  in  martensite  changed  at  ordinary 
temperatures  to  alpha  iron  at  a  rate  about  ten  times  as  fast  as  the 
rate  of  change  of  the  carbon  from  its  state  of  solution.     Both  changes 
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were  purely  physical  changes  whose  variation  with  temperature  could 
be  calculated  exactly.  The  most  important  corollary  was  that  the 
carbon  could  be  very  largely  out  of  solution  without  the  steel  losing 
its  hardness.  It  was  the  final  demonstration  which  confirmed  that 
the  hardness  was  a  property  of  the  iron  itself,  and  that  the  carbon 
was  only  the  means  of  bringing  that  property  into  existence.  He 
hoped  at  a  later  date  to  publish  those  results.  In  conclusion,  he  con- 
gratulated Messrs.  Portevin  and  Garvin  on  their  paper,  which  was 
one  of  the  most  important  contributions  to  the  theory  of  hardening 
action  which  had  yet  been  published. 
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GRAPHITISATION  IN  IRON-CARBON  ALLOYS.^ 

By  KUNHCHI  TAWARA  and  GENSHICHI  ASAHARA  (Tokyo  Univbesity). 

1.  Introduction. 

Although  the  literature  of  the  iron-carbon  system  is  so  large, 
Uttle  is  known  as  to  the  actual  mechanism  of  the  formation  of 
graphite  in  iron-carbon  alloys.  The  following  paper  is  based 
on  experiments  undertaken  in  order  to  throw,  if  possible,  further 
hght  on  the  subject. 

2.  Experiments. 

The  presence  of  impurities,  such  as  silicon,  manganese,  &c., 
influences  the  generation  of  graphite  in  iron-carbon  alloys. 
For  this  reason,  charcoal-iron,  produced  in  Western  Japan 
(Tyugoku)  from  pure  magnetic  iron  sand,  was  used  in  the  prepara- 
tion of  the  alloys,  as  it  contained  practically  negUgible  amounts 
of  impurities,  its  composition  being  as  follows  : 

Carbon.      j^  t^        Manganese.        Phosphorus.         Sulphur.        Copper. 
Percent      Pe""  Cent.  Per  Cent.  Per  Cent.      Per  Cent. 

0-16  008  trace  001  0-01  nil 

The  carbon  was  irregularly  distributed  and  varied  from  nil 
to  07  per  cent.,  but  the  average  in  a  strip  of  iron  was  0-15  per 
cent.    A  small  quantity  of  silica  was  present  as  slag  mechanically 
contained.    Manganese  was  present  only  in  traces,  and  no  copper 
was  found.    About  one  kilogram  of  the  charcoal-iron  was  charged 
in  a  Morgan's  clay  crucible  together  with  a  certain  quantity  ol 
hard  charcoal  (C  =  87  per  cent.)  and  heated  m  a  Deville's  furnace 
with  blast  until  it  melted,  no  charcoal  remaining  on  the  surface 
of  the  melt.    The  molten  alloy  was  cast  in  a  fiat   rectangular 
metallic  mould,  white   pig  iron  containing  nothing  but  carbon 
and  iron  being  obtamed.    About   20    kgs.  of  the    alloy  were 
prepared  in  separate  casts,  their  carbon  content  varying  between 
2-95  per  cent,  (minimum)  and  3-92  per  cent,  (maximum).     One 

^  This  paper  has  been  condensed  from  the  original. 
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of  the  casts  prepared  in  this  manner,  and  taken  at  random,  gave 
on  analysis  0*10  per  cent,  of  silicon,  an  amdmit  which  can  safely 
be  disregarded  in  considering  the  results. 

As  it  was  thought  that  an  increase  of  silicon  might  occur 
through  the  use  of  the  clay  crucibles,  and  so  affect  the  results, 
these  samples  were  specially  analysed,  and  it  was  found  that  the 
percentage  of  siUcon  was  invariably  lower  after  melting,  and 
might  be  regarded  as  a  neghgible  constant. 

In  preparing  the  alloys  the  temperature  which  the  molten 
metal  reached  during  the  heating  (the  *'  highest  temperature  ") 
and  the  temperature  at  which  the  metal  was  cast  (the  ''  casting 
temperature ")  were  measured  respectively.  Measurements  by 
the  Pery  patent  pyrometer  having  proved  difficult,  a  thermo- 
couple was  used,  protected  by  a  silica  tube. 

The  highest  temperature  was  measured  by  dipping  the  thermo- 
element into  the  molten  metal,  which  was  then  allowed  to  cool, 
the  thermo-element  remaining  in  position  until  the  desired  casting 
temperature  was  reached. 

The  moulds  used  in  the  experiments  were,  in  most  cases,  of 
fireclay  mixed  with  coarsely  powdered  crucible  material,  and 
were  of  the  shape  of  an  equilateral  triangular  prism,  the  side  of 
the  equilateral  triangle  being  1^  inches  long.  The  other  dimen- 
sions are  given  in  Fig.  1. 

In  all  cases  the  mould  had  previously  been  heated  in  a  con- 
centric gas-jet  crucible  furnace  up  to  a  certain  temperature  before 
the  molten  metal  was  cast  in  it.  The  temperature  was  measured 
with  a  thermocouple  which  was  inserted  into  a  hole  (a)  in  the 
mould. 

The  ingot,  after  this  treating,  was  slowly  cooled  in  the  furnace 
or  quenched  in  water.  It  was  then  examined  microscopically 
and  chemically. 

The  arrangement  adopted  is  sketched  in  Pig.  2. 

The  average  temperature  throughout  the  experiment  is 
cited  as  the  "  temperature  of  the  mould  "  for  the  sake  of  con- 
venience, where  necessary. 

The  table  on  p.  669  shows  the  conditions  of  the  experiments. 
The  carbon  was  determined  by  the  wet  combustion  method 
(chromic  acid  method).  Graphite  in  the  ingots,  if  present,  was 
very  liable  to  be  lost  in  the  preparation  of  the  samples  for  analyses, 
so  that  all  due  care  was  taken,  in  sampling,  to  avoid  this. 
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In  those  cases  where  graphite  appeared  in  certain  confined 
portions  distributed  in  the  ingots,  the  analysis  of  graphite  was  not 
carried  out,  as  the  result  would  have  little  meaning.  Such 
samples  were  only  examined  microscopically. 

It  was  at  first  intended  that  the  percentage  of  carbon  in  the 
final  ingots  should  be  S  per  cent.,  8*5  per  cent.,  and  4  per  cent,  in 


1 

ij 

\t 

H 

Fig.  1.— Farm  of  Ingot  and  Mould  Adopted. 

round  numbers.  This,  however,  was  not  always  practicable, 
though  the  values  are  fairly  near  to  those  sought.  All  the  samples 
were  analysed  for  carbon  and  silicon,  and  in  one  case,  chosen  at 
random,  the  phosphorus,  sulphur,  copper,  and  manganese  were 
also  estimated.    The  result  was  as  follows  : 


^hoflphonu. 

Sulphur. 

Copper. 

Per  Cent. 

Per  Gent. 

Per^Cent. 

Per  Cent. 

0-06 

009 

tnoe 

00 

No  practical  effect  may  be  expected  from  these  minute  quantities. 
The  experiments  were  so  devised  that  only  one  factor  differed 
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in  each  case,  namely,  the  six  variables  with  regard  to  graphitisa- 
tion  :  (1)  The  chemical  composition  of  the  alloys  ;  (2)  the  **  highest 


temperature  '* ;  (8)  the  **  casting  temperature "  ;  (4)  the 
"  temperature  of  the  mould  "  ;  (5)  the  **  time  "  ;  and  (6)  the  **  mode 
of  cooling "  of  the  reguh.    The  effects  on  the  microscopical 
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constituents  and  structure  due  to  each  of  those  factors  were  as 
follows : 

1 .  Chemical  Comjpositian  of  the  Alloys.— It  depends  largely,  of 
course,  upon  the  chemical  composition,  whether  graphitisation 
occurs  or  not.    The  material  used  in  the  experiments  containing 


!  » 
E 


ij 

24 

1339 

1314 

1122-1126 

3-40 

Nil 

003 

Ar.L.' 

27 

1335 

1323 

50 
(metro 
mould) 

(Chilled  casting) 

3-61 

Nil 

001 

1 

Ar.L. 

*  Refers  to  partial  graphitisation,  i.e.  the  presence  of  graphite  in  certain  parts. 
G.  =  Graphite.  C.  »  Omentite.  P.  =  Pearlite.  L.  «  Ledeburite.  Ar.  b  Austenite  (resolved). 

M.  =  BCartensite. 

practically  nothing  but  iron  and  carbon,  graphitisation,  if  present, 
is  certainly  not  caused  by  such  impurities  as  siUcon,  &c.  Indeed, 
the  graphitisation  in  the  experiments  is  almost  entirely  due  to 
the  slow  cooling  of  the  metal  at  or  near  its  solidification  point. 
Graphite  is  always  to  be  seen  in  an  ingot  which  was  slowly  cooled, 
even  when  there  is  practically  no  siUcon,  which  was  formerly 
supposed  to  be  necessary  in  graphitisation. 

No.  5  and  No.  6  underwent  nearly  the  same  heat  treatments, 
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and  differed  only  in  carbon  contents.  The  percentages  of  csurbon 
in  these  two  alloys  were  found  to  be  8-98  per  cent,  and  8-45 
per  cent,  respectively.  The  microscopical  structures  of  the 
two  did  not  differ  greatly.  No.  5  contained  more  graphite  (2*18 
per  cent.)  than  No.  6  (1-58  per  cent.).  So  far  as  the  present 
results  are  concerned,  there  was  no  marked  effect  upon  the 
structure  by  the  change  in  carbon  content  within  certain' limits 
(05  per  cent,  fluctuation). 

No.  7  was  also  carried  out  under  the  same  experimental  con- 
ditions as  the  above,  only  the  percentage  of  carbon  being  modified 
(2-48  per  cent).  Graphite  was  present  in  very  small  quantity 
and  in  a  certain  limited  space.  The  mass  was  very  much  like 
white  iron. 

It  might  be  assumed  from  these  examples  that  the  quantity 
of  graphite  (under  the  same  conditions)  depends  on  the  carbon 
content  of  the  alloy,  the  quantity  in  No.  5  being  considerably 
greater  than  in  No.  7  even  when  compared  with  No.  6.  This  is 
explained  by  assuming  that  the  excess  carbon  over  2  per  cent, 
(which  is  the  Umit  of  saturation  of  primary  austenite)  crystallised 
out  as  graphite.  On  the  other  hand,  the  above  conclusion 
might  be  expected  from  the  equilibrium  diagram  of  the  FeC 
system.  The  carbon  percentage  of  any  alloy  in  the  experiments 
is  between  2  per  cent,  and  4  per  cent.,  so  that  the  constituents 
which  appear  at  the  time  of  soUdification  are  primary  austenite 
and  graphite,  and  no  other  new  constituent  is  introduced.  More- 
over, the  increase  in  carbon  content  means,  in  the  equilibrium 
diagram,  the  approach  to  the  eutectic  freezing  point  of  primary 
austenite  and  graphite.  Accordingly,  more  graphite  should  be 
produced  out  of  the  carbon  which  is  in  excess  of  the  limit  of 
saturation  of  austenite  with  carbon.  It  is,  of  course,  understood 
that  the  above  remark  with  regard  to  the  quantity  of  graphite 
only  applies  when  the  conditions  of  the  experiments  are  similar 
(and  favourable  for  graphitisation),  except  as  regards  content  of 
carbon. 

In  No.  8  the  highest  temperature  and  the  casting  temperature 
are  higher  than  in  the  other  three  cases,  besides  which  the  carbon 
is  as  low  as  2-18  per  cent.  Graphite  occurred  in  certain  parts  of 
the  ingot.  In  this  case  it  might  be  necessary  to  raise  the  casting 
temperature  so  as  to  make  the  case  comparable  with  the  others, 
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because  the  percentage  of  carbon  is  smaller  and  the  soUdifying 
temperature  is  consequently  higher.  However,  this  is  not  strictly 
the  case  in  No.  8,  although  it  is  evident  that  graphitisation  can 
take  place  even  when  the  content  in  carbon  is  as  small  as  2*18 
per  cent. 

It  may  be  assumed,  therefore,  that  the  amount  of  carbon  in 
the  alloys,  when  ranging  from  2  per  cent,  to  4  per  cent.,  is  not 
a  decisive  factor  in  graphitisation.  It  causes  no  change  in 
the  species  of  microscopical  constituents ;  but  it  influences  the 
quantity  of  graphite  produced. 

2.  The  Effect  of  the  "  Highest  Temperature.''— 

No.  of       Per  Cant.  Highest  Casting  Temp,  of  Time.  Mode  of 

Ezperiment.    Oftrbon.  Temp.  Temp.  Mould.  Hoars.  Cooling. 

6               3-45  ISSe*"  1328<'  U00»            U  Slow  cooling 

9               3-30  liSe"*  1329''  llOQ'*            1} 

It  is  in  general  true  that  some  grains  or  nuclei  are  necessary 
when  a  new  phase  appears  in  the  existing  phase  or  phases.  There 
must,  therefore,  necessarily  exist  graphite  grains  when  graphite 
is  produced  in  molten  or  soUdified  metal,  though  the  mechanism 
of  its  development  is  not  known. 

Wiist  and  Goerens  and  others  assume  that  graphite  is  a 
decomposition  product  of  cementite  in  soUd  phase,  and  that  the 
decomposition  may  take  place  very  shortly  after  the  solidification 
of  the  alloy.  However,  we  may  assume  the  existence  of  the 
grains  of  graphite  in  a  molten  metal,  from  which  graphite  crystals 
start  their  development,  possibly  at  the  eutectic  point.  Those 
grains  may  result  from  the  dissociation  of  cementite  in  the  molten 
state,  and  if  so  they  will  be  affected  by  a  temperature  change,  and 
consequently  graphitisation  may  be  influenced. 

In  No.  9  the  molten  metal  was  kept  at  1436^  G.  for  about 
half  an  hour  after  it  had  attained  this  *'  highest  temperature," 
while  in  other  cases  the  *'  highest  temperature  "  was  not  main- 
tained for  so  long  a  time. 

On  comparing  No.  6  with  No.  9,  no  perceptible  difference 
could  be  found  in  their  structures. 

The  result  of  the  experiments  shows  that  the  "highest 
temperature,"  i.e.  the  maximum  temperature  which  the  molten 
metal  has  reached,  has  apparently  no  effect  on  graphitisation. 
In  the  experiments,  therefore,  no  special  precautions  were  taken 
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respecting  this  factor,  which  varied  within  a  certain  range  of 
temperatures. 

8.  The  Effect  of  the  Cctsting  Temperature. — 

No.  of      Per  Cent.    Highest  Casting  ijr^„iA          t;«-           Mode  of 

Experiment.    Carbon.       Temp.  Temp.  ^°°^^         ^^^'          Cooling. 
Degrees.                                            Hoars. 

6              3-45            1336  1328  1100             U         Slow  oooUng 

18              3-34            1416  1399  1100  .        1) 

The  temperature  difference  between  the  casting  temperature 
and  the  temperature  of  the  mould  is  the  main  factor  which  deter- 
mines the  soUdifying  velocity  of  a  molten  metal  and  the  cooling 
velocity  of  the  soUdified  mass,  and  it  often  controls  the  micro- 
scopical structure  of  alloys. 

The  above  experiments  were  carried  out  to  ascertain  the 
effect  of  the  casting  temperature.  The  temperature  of  the  two 
moulds  was  1100"^  C,  and  the  casting  temperature  in  No.  18  was 
71°  C.  higher  than  in  No.  6.  The  slight  differences  both  in  the 
chemical  compositions  and  in  the  highest  temperatures  are  quite 
negligible,  as  shown  by  the  results. 

Microscopically,  there  was  no  marked  difference  in  the 
structures.  The  authors'  resources  did  not  permit  of  higher 
casting  temperatures  being  tried,  which  might  have  given  very 
interesting  data  as  to  graphitisation. 

The  recorded  modification  in  the  casting  temperature  did  not 
cause  any  difference  in  the  structures. 

4.  The  Effect  of  the  Temperature  of  the  Mould. — The  tempera- 
ture of  a  mould  partly  defines,  as  well  as  the  casting  temperature, 
the  solidifying  and  cooling  velocities  of  a  molten  metal.  Bather 
higher  temperatures,  such  as  those  chosen  in  the  experiments, 
favour  graphitisation,  as  they  result  in  slow  cooling. 

(a) 

No.  of      Per  Cent. 
Experiment.  Carbon. 

21  3-60 

22  3-68 

In  these  cases  ingot  metals  were  rapidly  quenched  in  water. 
In  both  cases  graphite  was  seen  in  certain  parts  in  the  mass, 
showing  that  graphitisation  can  take  place  at  1000°  C.  as  well  as 
at  1100°  C.    These  graphite  flakes  were  not  produced  by  the 


Highest 

Casting 

Temp,  of 

Time. 

Mode  of 

Temp. 

Temp. 

Mould. 

Cooling. 

Degrees. 

Degrees. 

Degrees. 

Hour. 

1334 

1318 

1000 

\ 

Water  quenching 

1326 

1317 

1100 

\ 

„ 
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slow  cooling  down  from  these  temperatures,  as  the  mass  was 
quenched  at  once. 

No.  of       Per  Cent.    Highest  Casting      Temp,  of  rrt^  Mode  of 

Experiment.    Carbon.       Temp.  Temp.        Mould.  *  Cooling. 

Degrees.  Degrees.      Degrees.  Hours. 

14  3-42  1393  1327  1100  1|        Water  quenching. 

24  3-40  1339  1314  1125-1128        1^ 

In  No.  24  an  effort  was  made  to  keep  the  temperature  of  the 
mould  as  near  the  eutectic  temperature  as  possible.  There  is, 
however,  some  doubt  whether  the  mass  assumes  the  proper 
structure  corresponding  to  the  conditions  described  or  not. 
There  is  no  graphite  at  all  in  No.  24,  while  there  is  plenty  of  it  in 
No.  14.  This  is  probably  due  to  keeping  the  mould  at  1125°- 
1128°  for  1^  hours,  so  that  the  eutectic,  being  unable  to  soUdify 
at  all,  could  not  deposit  graphite. 

(c) 

No.  of       Per  Cent.    Highest  Casting  Temp,  of  Tjme           Mode  of 

Experiment.     Carbon.      Temp.  Temp.  Mould.  *          Cooling. 

Degrees.  Degrees.  Degrees.  Hours. 

20              3-63            1367            1316  1000  8  Water  quenching 

23              3-42            1363            1322  900  7i 

In  these  cases  the  temperatures  of  the  moulds  were  kept  at 
1000°  C.  and  900°  C.  respectively  for  a  rather  long  time.  The 
"  time  "  in  No.  23  was  less  than  eight  hours  owing  to  an  accident. 
This  relatively  small  difference  in  the  "  time  "  may  be,  however, 
overlooked  so  far  as  graphitisation  is  concerned. 

No.  28  did  not  contain  even  a  trace  of  graphite,  while  No.  20 
did.  It  is  accordingly  shown  that  graphitisation  cannot  take 
place  at  such  a  temperature  as  900°  C,  even  when  maintained 
for  7^  hours.  It  is  questionable  whether  graphitisation  can 
take  place  by  more  prolonged  annealing  at  that  temperature 
or  not. 

(d)  In  summarising  the  three  cases,  it  is  shown  that  the 
temperature  of  the  mould  has  some  effect  on  graphitisation. 
Graphite  was  not  found  in  the  case  of  900°  C.  A  temperature 
1100°  C.  is  the  most  favourable  of  the  three. 

5.  The  Effect  oj  the  "  Time  "  o/  Annealing.— T\\q  ''  time  " 
of  annealing  means,  in  other  words,  the  rate  of  cooling  of  a  mass 
in  the  earlier  stage. 
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No.  of       Per  Cent. 

Higheet 

Oaating 

Experiment.    Oarbon. 

Temp. 

Temp. 

Degree.. 

Degreea. 

10               3-25 

13M 

1323 

6                3-46 

1336 

1328 

13               3-23 

1361 

1328 

16               3-65 

1346 

1326 

Temp,  of 
MonJd. 

Time. 

Mode  of 
Cooling. 

Degrees. 

Hoars. 

1100 

3 

Slow  cooling 

1100 

1 

y» 

1100 

ff» 

1100 

0 

•t 

Temp,  of 

^^™*-          Cooling. 

Moold. 

Degrees. 

Hours. 

1100 

1100 

i 

In  these  four  cases,  the  "  time  "  is  the  only  factor  modified, 
other  conditions  remaining  the  same. 

No  considerable  microscopic  change  could  be  detected. 
Homogeneous  graphitisation  had  taken  place  in  every  case. 
From  this  fact,  it  may  be  concluded  that  when  the  temperature 
of  the  mould  is  1100°  C.  there  is  no  appreciable  effect  on  graphitisa- 
tion, whether  the  cooling  of  the  metal  begins  directly  after  the 
casting  or  after  three  hours'  anneahng  at  the  temperature. 

No.  of      Per  Cent.    Highest  Casting 

Experiment.  Carbon.      Temp.  Temp. 

Degrees.  Degrees. 
14              3-42            1393  1327 

22  3-68  1326  1317 

In  No.  14  the  microstructure  was  quite  homogeneous  through* 
out,  and  there  was  even  distribution  of  graphite.  On  the  other 
hand,  graphitisation  was  not  complete  in  No.  22,  where  graphite 
existed  only  in  certain  Umited  parts. 

In  these  cases,  therefore,  the ''  time  "  seems  to  have  exercised 
an  effect  apparently  on  graphitisation  and  gives  a  discordant 
conclusion  with  that  of  (a).  The  only  accountable  cause  is  the 
difference  of  the  mode  of  cooling  in  these  two  experiments.  This 
case  will  be  considered  later  on. 

(c) 

No.  of     Percent.     Highest  Casting  Temp,  of  mr^^  Mode  of 

Experiment.  Carbon.      Temp.        Temp.         Movdd.  "  Cooling. 

Degrees.  Degrees.  Degrees.  Hours. 

20  3-63  1367  1316  1000  8       Water  quenching 

21  3-60  1334  1318  1000  i 

In  these  examples  graphite  existed  only  in  certain  limited 
spots  in  both  masses,  and  the  structures  are  quite  similar. 

So  far  as  graphitisation  is  concerned,  the  ''  time  "  seems  to 
have  no  effect  on  the  completeness.  The  incomplete  graphitisa- 
tion due  to  water  quenching  will  be  considered  later. 

It  must  be  concluded  from  (a)  and  (c)  that  the  "  time  "  alone 
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eannot  exercise  any  appreciable  effect  on  graphitisation,  while 
(6)  leads  to  an  opposite  conclusion.  This  discrepancy  may  be 
explained  if  we  assume  the  minimum  length  of  the  "  time  " 
necessary  for  graphitisation  to  be,  say  1^  hours,  and  also  the 
favourable  effect  of  the  slow  cooling.  The  latter  will  be  discussed 
later  in  No.  6. 

6.  The  Effect  of  {he  Mode  of  Cooling.— 

(a) 

No.  of         Percent.   Highest       Oaating     Temp,  of      rn-  Mode  of 

Experiment     Carbon.      Temp.  Temp.        Mould.  '         Cooling. 

Degrees.      Degrees.      Degrees.      Hours, 


6  3-45  1336  1328  1100  1^        Slow  cooling. 

14  3*42  1393  1327  1100  H        Water  quenching. 

Graphite  flakes  were  distributed  throughout  the  mass  in 
both  cases,  and  their  structural  arrangement  was  similar  micro- 
scopically. In  No.  6  the  ground  mass  consisted  of  pearUte 
and  cementite  (needle),  while  that  in  No.  14  was  largely  martensite. 

This  shows  that  the  difference  of  slow  cooling  and  water 
quenching  causes  a  change  simply  in  the  method  of  the  decom- 
position of  primary  austenite,  which  constitutes  the  ground  mass 
of  the  solidified  metal,  and  is  no  serious  factor  in  graphitisation. 
In  other  words,  it  shows  that  graphite  crystals  are  not  Ukely 
to  be  produced  in  the  later  stage  of  cooUng. 

No.  of      Per  Cent.     Highest  Casting  Temp,  of  m.  Mode  of 

Experiment.    Carbon.      Temp.  Temp.  Mould.  '  Cooling. 

Degrees.  Degrees.  Degrees.  Hour. 

13              3-23            1361            1328            1100  *    ^  Slow  cooling. 

22              3-58           1325            1317            1100  {  Water  quenching. 

In  No.  13  the  distribution  of  graphite  was  homogeneous 
throughout,  which  was  not  the  case  in  No.  22. 

It  has  been  shown  in  No.  5  (a)  that  No.  18  and  No.  6  are  similar 
with  regard  to  graphite.  While  No.  13  contains  much  graphite, 
it  is  open  to  question  that  No.  22  has  a  considerable  amount  of 
ledeburite,  i.e.  a  small  quantity  of  graphite  in  certain  limited 
parts. 

On  reviewing  all  those  cases  where  the  metal  was  quenched 
rapidly  in  water,  we  find  that  there  prevails  incomplete,  limited 
graphitisation  except  in  the  case  of  No.  14.  The  quenching  seems 
to  prevent  further  graphitisation,  i.e.  further  decomposition  of 
cementite  at  the  later,  stage   (admitting  for  the  present  the 
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decomposition  theory  of  graphitisation).  Slow  cooling,  on  the 
contrary,  results  in  complete  graphitisation.  However,  No.  14 
shows  that  a  suflBciently  high  temperature  of  the  mould  and  a 
sufficient  "  time  "  will  give  complete  graphitisation  even  when 
quenching  takes  place. 

If  we  consider  the  results  of  No.  6  together  with  those  of  No.  5, 
it  may  be  concluded  that  graphitisation  must  take  place  at  a 
certain  early  stage  of  cooling  of  the  metal,  covering  some  length  of 
time,  and  is,  of  course,  favoured  by  higher  temperature.  The 
length  of  **  time  "  must  be  at  least  IJ  hours  (strictly  speaking, 
longer  than  ^  hour)  in  order  to  get  homogeneous  graphitisation, 
and  the  quenching  after  a  shorter  "  time  "  than  this  will  therefore 
result  in  partial  graphitisation.  The  slow  cooling  in  the  present 
experiment  may  have,  in  some  cases,  served  to  increase  the 
**  time  "  (though  this  is  not  definitely  certain),  thus  helping 
graphitisation  in  those  cases  where  the  **  time  "  did  not  amount 
to  that  required  length. 

It  must  be  noted  that  the  above  remark  holds  good  when  the 
temperature  of  the  mould  is  1100°  C,  but  is  not  true  at  1000° 
and  900°  C.  However,  it  is  already  known  that  the  temperature 
1100°  is  more  favourable  to  graphitisation  than  the  other. 

If  this  be  the  case,  it  is  quite  inconsistent  to  assimie  that  the 
slow  cooling  (especially  when  it  follows  after  a  shorter  **  time  "), 
can  favour  graphitisation,  notwithstanding  that  the  temperature 
is  steadily  falling  below  those  temperatures,  such  as  1000°  and 
900°  C. 

So  far  as  their  present  experiments  are  concerned,  the  authors 
are  inclined  to  take  into  consideration  the  effect  of  internal  stresses 
in  the  mass  of  iron,  induced  through  quick  cooling,  on  graphitisa- 
tion, but  it  needs  further  investigation  to  deduce  any  definite 
conclusion. 

The  Authors'  Theory  as  to  Graphitisation. — Graphite  crystals 
are  always  contained  in  an  austenite  mass  (resolved)  when  they 
are  directly  produced  by  the  slow  cooling  of  an  alloy.  They  are 
not  necessarily  to  be  ascribed  to  the  decomposition  of  the  eutectic 
cementite.  The  austenite  areas,  in  which  graphite  crystals  are 
present,  are  intimately  associated  with  the  austenite  islets 
which  are  scattered  in  the  eutectic.  They  may  not  differ  much 
in  chemical  compositions.    As  the  austenite  islets  are,  without 
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doubt,  the  primary  products  from  the  molten  alloy,  the  austenite 

beds  are  also  supposed  to  be  the  product  within  a  similar  period, 

i.e.  they  may  appear  side  by  side  with  graphite  crystals  at  the 

eutectic  point.     This  view  will  not  meet  any  serious  opposition 

or  present  any  difficulty  in  the  explanation  of  the  facts.    The 

following  hypothesis  may  well  serve  to  explain  the  known  facts. 

In  general,  when  two  metals  form  a  compound  and  mix  with 

each  other  to  form  one  homogeneous  liquid  phase  when  molten, 

the  fusion  curve  of  the  system  shows  a  maximum  at  the  point 

corresponding  with  the  compound.    At  this  point,  therefore, 

d  (temp.)  .  .      • 

^—. ^.  -  =^  0;  i.e.  the  melting  point  of  the  compound  is  not 

affected  by  the  addition  of  a  small  quantity  of  either  of  the  com- 
ponent metals  to  the  molten  alloy.  This  is  explained  by  assuming 
a  certain  amount  of  dissociation  of  the  compound  into  the  atoms 
of  both  the  component  metals  (when  it  is  in  molten  state).  There 
are,  therefore,  already  a  certain  number  of  the  component  atoms, 
so  that  a  sUght  addition  to  them  from  outside  will  not  affect  the 
dissociation  of  the  compound.  The  melting  point,  therefore, 
remains  unchanged. 

It  is  generally  accepted  that  carbon  exists  as  oementite  in 
the  molten  iron-carbon  alloys.  It  is  probable  that  cementite, 
being  a  compound,  may  dissociate  in  the  molten  state  into  iron 
and  carbon,  even  though  the  amount  of  the  dissociation  may  be 
small.  These  free  carbon  atoms  may  serve  as  the  nuclei  for  the 
graphitisation  when  the  conditions  are  favourable. 

When  an  iron-carbon  alloy  (2  <  %  C.  <  4*3)  is  allowed  to 
cool  sufficiently  slowly,  the  primary  austenite  crystallises  out 
along  the  liquidus  AB  and  the  mother  liquor  reaches  the  eutectic 
composition  B  (Fig.  8).  At  this  point,  when  the  cooling  is 
sufficiently  slow  to  maintain '  the  equilibrium,  graphite  will 
crystallise  together  with  austenite,  forming  the  eutectic,  as  there 
are  a  number  of  the  nuclei  already  present.  The  deposition  of 
the  dissociated  carbon  from  the  molten  system  will  bring  about 
a  further  dissociation  of  the  molten  cementite,  as  a  general 
rule,  in  order  to  re-establish  equilibrium.  This  process  is  repeated 
and  graphite  crystals  are  developed.  On  the  other  hand,  the 
residual  molten  alloy  is  diluted  all  the  time  by  the  ferrite,  which 
is  the  contemporaneous  product  of  the  disociation,  and  finally 
1919— i.  '  2  p 
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it  will  attain  the  composition  A  which  corresponds  with  that  of 
saturated  austenite  (2  per  cent,  carbon).  We  have  thus  a  eutectic 
of  graphite  and  saturated  austenite  in  the  final  state,  and  the 
whole  regulus  consists  only  of  graphite  and  austenite,  the  latter, 
of  course,  resolving  into  pearlite  and  needle-shaped  cementite 
when  cooled. 

If  the  favourable  conditions  for  the  solidification  of  this 
eutectic  of  graphite  and  austenite  cease — for  example,  if  the  rate 
of  the  cooling  of  the  melt^becomes  greater  over  a  certain  range — 
that  process  will  no  longer  take  place,  and  cementite  will  crystallise 
out  of  the  molten  alloy.  The  separation  of  cementite  at  the 
point  B  does  not  represent  a  true  equilibrium ;  it  is  a  transitional 


Fio.  3. 


and  metastable  condition.  When  the  soUdification  of  the  alloy 
is  not  retarded  sufficiently  imtil  the  whole  becomes  soUd, 
**  mottled  "  iron  will  be  obtained. 

In  the  photomicrographs  obtained  by  the  authors,  the  portions 
with  graphite  crystals  are  regarded  as  consisting  of  the  primary 
austenite  and  the  eutectic  (of  austenite  and  graphite),  the  latter 
filling  up  the  spaces  between  the'**  fir-tree  form  "  of  the  primary 
austenite.  The  considerable  difference  in  the  dimensions  of  the 
constituents  between  the  eutectic  of  graphite  and  austenite  and 
the  eutectic  of  cementite  and  austenite  may  be  considered  as 
the  common  phenomenon  when  the  alloy  is  slowly  cooled  on  one 
hand  and  quickly  cooled  on  the  other  hand.  In  those  cases  it  has 
been  found  that  there  is  no  ferrite  around  the  graphite  crystals, 
and  the  latter  are  intimately  surrounded  by  the  resolved  austenites 
needle  (cementite  +  pearlite).      On  examining  the  shape  of  the 
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graphite  crystals,  it  seems  rather  probable  that  they  are  the 
product  of  the  molten  mass,  and  not  the  product  of  tthe  decompo- 
sition of  cementite  in  the  soUd  state. 

The  mode  of  crystallising  the  graphite  flakes  will  be  well 
explained  in  Fig.  4,  which  shows  the  separate  area  of  both  the 


Fia.  4. — Diagram  of  Sample  22. 

primary  and  secondary  austenite,  the  dotted  Unes  representing 
the  boundaries  of  the  latter,  resulted  from  the  deposition  of 
graphite.  The  graphite  flake  **  a  "  is  cut  down  in  its  length  by 
two  isles  of  primary  austenite,  while  the  graphite  **  6  "  grows  in 
a  long  line,  just  avoiding  an  island  of  primary  austenite. 

The  results  of  the  authors*  studies  agree  with  Charpy's  and 
Wiist's   conclusions.    So  far,    however,  as   the  mechanism  of 
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graphitisation  is  concerned,  the  present  authors  are  not  perfectly 
in  accord  with  the  distinguished  investigators  referred  to.  Li 
summarising  their  own  views  they  would  say  that  in  fluid  alloys 
there  may  exist  atoms  of  free  carbon  as  the  dissociation  products 
of  dissolved  cementite.  These  may  serve  as  the  nuclei  for  the 
crystallisation  of  graphite.  Further,  the  mechanism  of  the 
development  of  graphite  flakes  is  explained  in  the  paper. 

In  conclusion,  they  wish  to  express  here  their  hearty  thanks 
to  Mr.  G.  Aikawa,  who  kindly  provided  them  with  the  necessary 
financial  assistance  in  carrying  out  the  research. 
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COBBESPONDENCE. 

Mr.  E.  Adamson  (Sheffield)  wrote  congratulating  the  authors  on 
their  endeavour  to  prove  by  a  series  of  experiments  that  graphite 
was  formed  in  the  absence  of  silicon.  He  (Mr.  Adamson)  had  proved 
that  on  several  occasions  during  the  last  dozen  years  or  more,  and  the 
fact  was  now  more  or  less  accepted.  When  it  came  to  a  question  of 
detail,  however,  the  authors'  results  clearly  demonstrated  that  in 
regard  to  cast  iron  experiments  nothing  was  certain  but  uncertainty. 

There  were  three  general  principles  in  iron-carbon  alloys  :  1.  The 
higher  the  temperature  the  more  carbon  the  iron  could  absorb.  2.  The 
longer  iron  was  in  contact  with  carbon  at,  say,  molten  temperature, 
the  more  carbon  iron  could  absorb.  3.  Graphite  could  be,  and  was, 
produced  whilst  iron  was  in  the  molten  condition,  possibly  by  precipita- 
tion. Those  three  points  he  (Mr.  Adamson)  had  spoken  of  so  often 
that  it  was  imnecessary  to  refer  to  the  details  here. 

With  regard  to  melting,  the  authors  gave  in  their  table  on  p.  569 
the  highest  temperature  attained,  the  casting  temperature,  and  the 
"  time,''  which  latter,  however,  was  vague,  as  it  did  not  state  whether 
the  "  time  "  was  (a)  from  commencing  to  melt  the  metal  to  casting 
it,  or  (6)  the  time  the  metal  was  kept  in  the  molten  condition  before 
casting.  When  referring  to  time  that  was  very  important,  because 
the  difference  in  ratio  between  (a)  and  (6)  would  possibly  explain  why 
the  total  carbon  and  the  graphitic  carbon  varied  so  much  in  the  table 
on  p.  569. 

Taking  the  combined  carbon  by  difference,  experiments  5,  9,  and 
18  were  closely  approximate,  namely  1-75  per  cent.,  1-86  per  cent., 
and  1*61  per  cent.,  and  in  experiment  24  the  total  carbon  would 
naturally  be  all  combined  carbon  because  of  rapid  cooling  by  chilling, 
thus  bringing  in  the  question  of  internal  stress  on  cooling  as  suggested 
by  the  authors. 

The  authors  had  unfortunately  not  carried  their  experiments  far 
enough  to  take  any  note  of  crystallisation  due  to  growth  of  graphite, 
because  they  had  not  had  sufficiently  high  temperatures,  but  they 
had  shown  a  physical  crystallisation  of  iron  and  carbon,  as  against 
a  crystallisation  presumed  to  be  due  to  chemical  composition. 

He  (Mr.  Adamson)  was  glad  to  know  that  the  authors  assumed 
the  existence  of  grains  of  graphite  in  the  moltep  metal,  as  had  been 
shown  in  his  cooling  curves  published  before  the  Institute  at  the 
Autumn  Meeting  of  1911.  In  his  opinion  the  authors  were  quite 
right  in  suggesting  that  those  grains  of  graphite  might  serve  as  nuclei 
for  the  crystallisation  of  the  graphite.  He  did  not,  however,  agree 
with  the  authors'  statement  that  the  maximum  temperature  which 
molten  metal  had  reached  had  apparently  no  effect  on  graphitisation. 
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Charpy  and  Grenet's  work  proved  the  contrary.  On  p.  573  the  authors 
stated  that  it  was  questionable  whether  graphitisation  could  take 
place  by  more  prolonged  annealing  at  a  temperature  of  900°  C. ;  with 
an  alloy  containing  practically  no  silicon  the  fact  of  precipitation 
would  naturally  require  a  higher  temperature.  He  (Mr.  Adamson) 
further  disagreed  when  they  said  that  time  seemed  to  have  no  efEect 
on  the  completeness  of  graphitisation.  Unfortimately  the  authors' 
*'  Time  "  was  too  short  to  enable  them  to  coipe  to  any  conclusion. 

With  regard  to  experiment  No.  14,  it  was  doubtful  if  the  temperature 
of  the  metal  had  much  to  do  with  the  formation  of  graphite  on  quench- 
ing, otherwise  No.  11  should  have  shown  graphite. 

The  subject  was  intensely  interesting,  and  showed  that  investiga- 
tions in  connection  with  carbon  and  iron  were  now  being  attempted 
in  a  right  direction,  which  was  likely  to  throw  light  on  the  peculiar 
crystallisations  of  iron  and  carbon  of  the  percentages  usually  found 
in  the  pig  irons  of  commerce. 

Mr.  J.  E.  Fletcher  (Dudley)  wrote  that  he  had  the  opportunity 
some  years  ago  of  investigating  the  same  problem  whilst  attempting 
to  carburise  the  face  of  a  mild  steel  plate  by  contact  with  molten  carbon 
iron  of  approximately  eutectic  composition.  His  experiments  con- 
firmed the  view  that  carbon-iron  alloys  within  the  range  2*0  to  4' 3 
per  cent,  carbon,  when  superheated  above  their  true  melting  points 
and  slowly  cooled  past  the  eutectic  freezing  temperature  1130®  C, 
were  partially  graphitised.  A  typical  photomicrograph  of  a  3*6 
per  cent,  carbon  alloy  (Swedish  iron)  melted  at  1320°  C.  and  cooled 
slowly  to  1080°  C.  and  quenched  (Fig.  A)  (250  diameters)  showed 
clearly  the  presence  of  a  massive  primary  austenite  crystallite  or 
dendrite  which  appeared  to  have  frozen  round  a  large  flake  or  crystal 
of  graphite.  Many  such  cases  led  him  to  conclude  that  the  graphite 
was  present  in  the  liquid  metal  before  the  austenite  commenced  to 
crystallise  out.  Whenever  the  alloys  were  quenched  from  temperatures 
much  above  their  true  melting  or  fusion  points,  however,  the  massive 
austenite  dendrites  were  free  from  graphite  and  showed  the  presence 
of  the  zigzag  constituent  associated  with  austenite  which  had  not 
attained  to  the  saturation  condition  (1*7  to  1*8  per  cent,  carbon). 

It  would  therefore  seem  that  the  primary  austenite  dendrites 
were  cemented  by  contact  with  the  surrounding  eutectic  and  became 
carbide-saturated  if  allowed  to  cool  slowly  past  the  eutectic  freezing 
point. 

A  reference  to  the  equiUbrium  diagram  showed  that  alloys  of  say  3' 7  to 
4  0  per  cent,  carbon  (slightly  hypoeutectic)  contained  austenite  crystals 
which  commenced  to  freeze  in  the  saturated  state  containing  about  1*7 
per  cent,  carbon.  The  curved  Une  of  the  solidus  change,  above  the  point 
a  in  Fig  3,  possibly  suggested  that  in  the  case  of  supercooling  some 
supersaturation  of  the  austenite  might  occur,  the  excess  carbide  thereby 
absorbed   being  thrown   out  during  slow  cooling  past  the  eutectic 
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point  B  as  graphite.  But  in  such  a  case  the  graphite  would  be  looked 
for  at  the  boundaries  of  the  austenite  and  not  in  the  centres  of  the 
dendrites.  In  quenching  above  A3  he  had  not  noticed  any  such 
phenomenon,  the  graphite  flakes  in  the  austenite  areas  being  always^ 
as  far  as  he  had  seen,  within  the  mass  as  shown  in  the  authors' 
Fig.  4. 

Was  there  not  another  explanation  ?  It  had  appeared  to  him  that 
the  molte^i  alloys  in  question  might  not  be  homogeneously  hypo- 
eutectic  and  might  contain   colonies    of  hypereutectic  metal  which 


Fio.  A.— Swedish  Iron  Melted  at  1320°  C,  Cooled  Slowly  to  1080°  C.  and  Quenched. 

X260. 

might  segregate  towards  the  mass  centres  of  the  cooling  metal  in  the 
mould. 

Such  hypereutectic  portions  on  slowly  cooling  past  1130°  C.  would 
deposit  graphite,  in  fact  would  commence  to  do  so  at  temperatures 
above  that  at  which  the  austenite  began  to  solidify,  and  hence  would 
provide  the  nuclei  aroimd  which  the  dendrites  might  form. 

The  triangular  shape  of  mould  encouraged  quicker  freezing  at  the 
comers  and  central  segregation  as  in  a  cast  iron  ingot  (see  his  (Mr. 
Fletcher's)  paper  on  "The  Cooling  of  Steel  in  Ingot  and  other 
Forms  "). 

The  general  lack  of  homogeneity  in  cast  irons  and  in  carbon  iron 
alloys  within  the  range  of  the  authors'  experiments  appeared  to  be 
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bound  lip  with  the  fact  that,  whenever  the  solidus  line  was  that  of 
the  freezing  of  the  eutectic,  extreme  sensitiveness  to  changes  in  temper- 
ature and  conjstituency  occurred.  A  mere  trace  of  silicon  might  there- 
fore be  sufficient  to  start  graphitisation  in,  it  might  be,  the  liquid 
crystal  phase.  It  might  interest  the  authors  and  otiiers  to  know  that 
the  presence  of  manganese  or  chromium,  even  in  traces,  retarded 
graphitisation  in  alloys  similai  to  those  experimented  upon. 
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THE  ESTIMATION  OF  PHOSPHORUS  IN  THE 
PRESENCE  OF  TUNGSTEN. 

Br  G.  WATS0N;GRAY  and  JAMES  SMITH  (Livbrpool). 

In  view  of  the  large  amount  of  tungsten  used  in  the  manufacture 
of  high-speed  steel,  the  question  of  the  estimation  of  phosphorus 
in  the  presence  of  tungsten  is  an  important  one,  but,  although 
important,  does  not  appear  to  have  had  the  attention  it  deserves. 
Judging  from  numerous  analyses  which  have  come  under  the 
authors'  notice,  many  chemists  seem  to  find  less  phosphorus  than 
is  actually  present.  On  investigating  the  cause  of  some  of  the 
low  results,  they  were  found  due  to  faulty  methods.  Taking  ferro- 
tungsten  as  an  example,  the  authors  found  that  the  method 
adopted  by  many  chemists  was  to  decompose  the  ferro-tungsten 
by  fusion  or  other  methods,  separate  the  tungstic  acid  by  evaporat- 
ing to  dryness  with  hydrochloric  acid,  and  estimate  the  phosphorus 
in  the  filtrate.  This  method  is  altogether  wrong,  as  a  large  amount 
of  the  phosphorus  present  is  precipitated  with  the  tungstic  acid 
as  phospho-tungstic  acid,  and  the  phosphorus  so  precipitated  is 
lost.  Most  ferro-tungstens  contain  only  0-015  to  0*080  per  cent, 
phosphorus,  and  with  these  the  error  is  perhaps  not  quite  so 
glaring,  but  odd  samples  made  from  phosphoric  tungsten  ores 
contain  up  to  0-100  per  cent.,  and  sometimes  even  more.  It  is 
in  these  high  phosphoric  samples  that  the  error  stands  out  promi- 
nently. The  authors  have  seen  samples  containing  0-100  per 
cent,  phosphorus  returned'  as  containing  0-020  per  cent.    To 


Sample  No. 

1. 

2. 

8. 

4 

5. 

6. 

Phoephoras  in  filtrate 
Phosphorus    in    tnngstio    acid 

Total  phosphorus     . 

PerOent. 
0023 

0-057 
0-080 

Percent. 
0-017 

0-071 
0-088 

PerOent. 
0-022 

0-080 
0-102 

Percent. 
0-OU 

0066 
0-06P 

PerOent. 
0017 

0-032 
0-049 

Percent. 
0013 

0-020 
0.033 

illustrate  this  point  a  table  of  results  obtained  by  using  the  faulty 
method  described  above  is  given,  together  with  the  figures  obtained 
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by  further  examining  the  residue  of  tungstic  acid  for  phosphorus. 
These  results  are  only  a  few  selected  from  a  large  number-  of 
samples  examined. 

From  the  above  table  it  will  be  seen  that  the  larger  proportion 
of  the  phosphorus  contained  in  ferro-tungsten  is  precipitated 
with  the  tungstic  acid,  and  any  method  of  analysis  which  is  based 
on  separating  the  tungstic  acid  before  estimating  the  phosphorus 
must  give  low  results  for  phosphorus.    It  occurred  to  the  authors 
that  there  might  possibly  be  some  definite  ratio  between  the 
amount  of  phosphorus  precipitated  and  the  amount  not  pre- 
cipitated, but  after  making  numerous  analyses  of  samples  of 
ferro-tungsten  it  was  concluded  that  there  was  no  ratio,  neither 
have    they   been  able  to   determine  the  conditions  necessary 
cither  to  precipitate  all  the  phosphorus  with  the  tungstic  acid 
or  to  precipitate  the  tungstic  acid  free  from  phosphorus.    These 
low  phosphorus  results  not  only  occur  with  ferro-tungsten,  but 
also  with  tungsten  ores.    To  quote  one  example  out  of  many, 
a  sample  of  wolfram  which  contained  0*200  per  cent,  phosphorus 
was  returned  by  one  chemist  as  containing  0-080  per  cent.     The 
same  state  of  things  also  obtains  to  some  extent  with  tungsten 
steels — ^in  fact,  some  tungsten  steels  when  analysed  by  the  usual 
method  show  only  a  trace  or  no  phosphorus  at  all,  even  when 
it  is  known  that  phosphorus  is  present.    Indeed,  it  has  been 
suggested  that  the  phosphorus  is  slagged  out  in  making  tungsten 
steels  because  the  amount  of  phosphorus  in  the  ingredients  used 
was  so  much  higher  than  that  found  in  the  finished  steel.    It 
appears  to  the  authors  that  the  discrepancy  is  due  not  to  slagging 
out  the  phosphorus,  but  to  the  whole  of  the  phosphorus  in  the 
finished  steel  not  being  obtained  in  the  analysis  owing  to  the 
cause  stated  above. 

The  method  devised  by  the  authors  for  the  estimation  of 
phosphorus  in  ferro-tungsten,  tungsten  powder,  and  tungsten  ores, 
which  has  proved  to  be  an  accurate  one  after  some  years  of 
service,  is  as  follows : 

Fuse  2  grammes  of  the  finely  powdered  sample  with  10  grammes 
nitre  mixture  (NagCOj  +  KNO3  in  molecular  proportions)  in  a 
large  covered  platinum  crucible,  dissolve  the  melt  in  the  least 
possible  quantity  of  water,  filter,  and  wash  free  from  tungstates 
with  boiling  water  containing  a  little  ammonium  nitrate   (six 
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washings  are  sufficient).  Ignite  the  residue  in  the  original 
crucible,  transfer  to  a  400  cubic  centimetre  beaker,  dissolve  in 
hydrochloric  acid,  and  evaporate  to  dryness.  To  the  filtrate 
add  20  cubic  centimetres  hydrochloric  acid,  and  about  2  cubic 
centimetres  bromine  (bromine,  not  bromine  water),  stir  well  until 
the  liquid  is  distinctly  coloured  by  bromine,  add  ammonia  until 
the  precipitated  tungstic  acid  is  dissolved,  and  then  a  further 
quantity  of  strong  ammonia  equal  to  one-fourth  of  the  original 
bulk  of  the  liquid.  The  volume  of  the  liquid  should  now  be 
about  250  cubic  centimetres.  Cool  and  add  8  cubic  centimetres 
magnesia  mixture,  stir  well,  and  allow  to  stand  for  six  hours,  or 
preferably  over  night.  It  is  generally  supposed  that  ammonium 
magnesium  phosphate  is  much  more  soluble  than  it  really  is. 
The  authors  found  that  under  the  conditions  described,  the 
phosphorus  is  completely  precipitated  by  magnesia  mixture. 

Filter  through  double  papers  and  wash  six  times  with  ammonia 
water  (10  per  cent.).  Dissolve  the  precipitate  ^ in  hydrochloric 
acid,  allowing  the  liquid  to  run  into  the  beaker  containing  the 
iron,  evaporate  to  dryness,  take  up  with  10  cubic  centimetres 
hydrochloric  acid,  dilute,  saturate  with  sulphuretted  hydrogen 
to  remove  arsenic,  tin,  &c. ;  filter,  wash,  boil  off  sulphuretted 
hydrogen,  add  50  cubic  centimetres  ferric  chloride  (1  gramme  pure 
iron  dissolved  in  hydrochloric  acid,  oxidised  with  nitric  acid,  and 
made  up  to  1  litre)^  cool  completely,  add  ammonia  until  a  distinct 
dirty  green  precipitate  is  obtained,  then  acetic  acid  until  the 
precipitated  ferrous  hydrate  is  dissolved,  boil  well,  and  filter  off 
the  basic  ferric  acetate  which  contains  all  the  phosphorus,  dissolve 
in  hydrochloric  acid,  boil,  add  a  few  cubic  centimetres  nitric  acid, 
and  precipitate  with  ammonia.  Boil,  filter,  wash,  dissolve  in 
nitric  acid,  and  precipitate  the  phosphoric  acid  with  ammonium 
molybdate  as  usual. 

The  method  may  also  be  used  for  the  estimation  of  phosphorus 
in  alloy  steel,  but  as  steel  cannot  be  fused  directly  with  nitre 
mixture  it  should  be  dissolved  in  nitric  acid  in  a  dish  or  wide 
beaker,  evaporated  to  dryness,  and  baked  on  a  hot  plate  until 
the  nitrate  of  iron,  is  decomposed  to  oxide.  The  resulting  oxide 
of  iron,  &c.,  can  then  be  easily  and  cleanly  removed  from  the 
dish  or  beaker  with  the  aid  of  a  flexible  spatula  and  wiping  with 
a  little  damp  filter  paper.     It  is  then  fused  with  nitre  mixture 
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and  the  analysis  proceeded  with  as  directed  for  ferro-tungsten. 
The  method  is  especially  useful  for  vanadium  steels,  as  by  its 
means  the  vanadium  (which  interferes  very  considerably  with 
the  estimation  of  phosphorus  by  the  molybdate  method)  is  com- 
pletely got  rid  of  before  precipitating  with  molybdate. 

The  authors  have  submitted  the  method  to  chemists  in  several 
large  steelworks,  who  have  found  it  satisfactory. 
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THE  ANNUAL  DINNER. 

In  celebration  of  the  Jubilee  of  the  foundation  of  the  Iron  and 
Steel  Institute,  the  Annual  Dinner  took  the  form  of  a  Banquet 
in  Guildhall  (by  the  courtesy  of  the  Court  of  Common  Council 
of  the  City  of  London)  on  the  evening  of  Thursday,  May  8.    The 
President,  Mr.  Eugene  Schneider,  presided,  and  was  supported 
by  the  Bt.  Hon.  the  Lord  Mayor  of   London    (Alderman   Sir 
Horace  B.  Marshall) ;  His  Excellency,  Mr.  Paul  Cambon  (French 
Ambassador) ;     Major-General  the  Et.   Hon.   J.   E.   B.   Seely, 
C.B.,  C.M.G.,  D.S.O.,  M.P.  (Under-Secretary  of  State  for  the 
Air  Ministry) ;   the  Et.  Hon.   Sir  Auckland   Geddes   (Minister 
of  Beconstruction) ;    General  C.  F.  Aspinall,  C.M.G.,  D.S.O.'; 
Sir    WiUiam   Beardmore,  Bart.    (Past-President) ;    Sir  Eobert 
Hadfield,  Bart.,  F.E.S.    (Past-President) ;   Dr.    Arthur    Cooper 
(Past-President) ;  Mr.  Ultyd  Williams    (Honorary   Treasurer) ; 
Sir  W.  H.  Ellis,  G.B.E.  (Vice-President) ;  Mr.  Sheriff  Bannister 
Fletcher,  F.E.I.B.A. ;  Colonel  and  Sheriff  W.  E.  Smith,  M.D., 
D.L. ;  Dr.  J.  E.  Stead,  F.E.S.  (Vice-President) ;  Mr.  C.  J.  Bagley 
(Vice-President) ;  Mr.  Andrew  Lamberton  (Vice-President) ;  Mr. 
Francis    Samuelson    (Vice-President) ;    Sir    Arthur    Duckham, 
K.C.B. ;  Sir  E.  A.  S.  Eedmayne,  K.C.B. ;  the  Very  Eev.  the 
Dean  of  St.  Paul's ;  Mr.  Henry  O'Brien  (Master  of  the   Iron- 
mongers Company) ;  Mr.  E.  Allen  Brown  (Master   of  the  Ar- 
mourers and  Brasiers  Company) ;  Sir  Walter  Harris,  C.M.G.  (Prime 
Warden  of  the  Blacksmiths  Company) ;  Sir  W.  B.  Peat ;  Mr.  S. 
Dixon   Kimber   (Chief   Commoner) ;    the   Presidents   of   many 
kindred  Institutions,  the  Under-Sheriffs  of  the  City  of  London, 
and  Members  and  Council  of  the  Iron  and  Steel  Institute. 

The  company,  which  numbered  420,  were  received  in  the 
Corporation  Art  Gallery  by  the  President  and  by  the  Lord  Mayor, 
and  on  assembling  for  dinner  in  the  Guildhall,  grace  was  said  by 
the  Verj'  Eeverend  Dr.  Inge,  Dean  of  St.  Paul's. 

The  President,  before  proposing  the  toast  of  His  Majesty  the 
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King,  Patron  of  the  Iron  and  Steel  Institute,  read  the  following 
telegram  from  His  Majesty  : 

"  Windsor  Castle. — I  am  commanded  to  express  to  the  President, 
Council,  and  Members  of  the  Iron  and  Steel  Institute  assembled 
on  the  occasion  of  the  jubilee  of  its  foundation  the  sincere  thanks 
of  the  King,  the  Patron  of  the  Institute,  for  their  kind  message 
of  loyal  devotion,  which  His  Majesty  has  received  with  much 
satisfaction.  The  King  wishes  that  all  possible  success  and 
prosperity  may  attend  the  work  of  the  Institute  in  the  next 
half-century  of  its  life.— Stamfordham." 

The  toast  of  "  His  Majesty  the  King  (Patron  of  the  Iron  and 
St(H4  Institute)''  was  then  duly  honoured. 

The  President  tlben  proposed  the  toast  of  "  Her  Majesty  Queen 
Mary,  Queen  Alexandra,  His  Royal  Highness  the  Prince  of  Wales, 
and  the  other  members  of  the  Royal  Family,"  and  read  the  follow- 
ing message  received  from  H.R.H.  the  Prince  of  Wales : 

"  I  am  instructed  by  the  Controller  of  the  Household  of  H.R.H.  the 
Prince  of  Wales  to  convey  to  the  President  and  Members  of  the 
Iron  and  Steel  Institute  the  following  message.  His  Royal 
Highness  the  Prince  of  Wales  very  much  regrets  his  inability 
to  be  present  at  the  Banquet  being  held  at  the  Guildhall  to  cele- 
brate the  fiftieth  anniversary  of  the  Iron  and  Steel  Institute 
of  Great  Britain.  He  wishes  the  President  and  Members  of 
the  Iron  and  Steel  Institute  the  greatest  prosperity  and  success 
in  the  new  era  which  is  now  unfolding  itself." 

The  toast  was  duly  honoured. 

The  President  then  proposed  the  toast  of  "  His  Excellency 
Monsieur  Poincare  (President  of  the  French  Republic)  and  the 
Rulers  of  other  Allied  States."  He  said  that  in  view  of  the 
unity  and  close  alliance  which  had  prevailed  between  the  Allied 
countries  throughout  the  trials  and  difficulties  of  the  last  five 
years,  he  felt  confident  it  would  appeal  to  everyone  present. 

The  toast  having  been  duly  honoured  the  President  next  pro- 
posed '*  The  Lord  Mayor  and  Corporation  of  London."  He  said 
that  it  was  by  the  great  kindness  of  the  liord  Mayor  and  City 
Council  that  the  Institute  was  privileged  to  meet  in  that  ancient 
and  historic  Hall,  the  scene  of  many  stirring  episodes,  political 
and  social,  through  many  centuries.  Within  those  walls  kings 
and  rulers  of  many  countries  and  great  Ministers  of  State  had 
been  entertained  on  innumerable  occasions.     On  rare  occasions 
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the  City  Corporation  had  granted  the  use  of  Guildhall  for  social 
festivities,  such  as  the  present  one ;  on  a  previous  occasion  it 
had  been  granted  to  the  Institute  for  the  purpose  of  a  gathering 
similar  to  the  present  one.  They  were  now  celebrating  the  attain- 
ment of.  the  fiftieth  anniversary  of  their  foundation,  and  as  a 
special  privilege  they  were  permitted  to  assemble  here  again. 
He  thanked  the  Lord  Mayor  for  his  kindness  and  condescension, 
and  asked  all  present  to  join  him  in  drinking  the  toast  of  the 
Lord  Mayor  and  the  Corporation  of  the  City  of  London. 
The  toast  having  been  duly  honoured. 

The  Right  Hon.  the  Lord  Mayor,  in  responding,  said  the 
Corporation  of  the  City  of  London  felt  it  an  honour  to  lend  its 
ancient  Guildhall  to  an  institution  so  distinguished  and  wielding 
such  an  influence  as  the  Iron  and  Steel  Institute,  which  repre- 
sented great  knowledge,  great  achievement,  and  great  responsibili- 
ties. On  many  occasions  the  Corporation  had  shown  itself  ready 
and  eager  to  advance  the  commercial  well-being  of  London,  and 
of  the  nation,  which  relied  to  a  very  great  extent  upon  the  intellect, 
the  ingenuity,  and  the  executive  gifts  of  the  men  in  control  of  iron 
and  steel  products.  It  welcomed  in  its  Guildhall  those  whose 
services  it  esteemed  so  highly,  and  to  whose  continued  leadership 
in  one  of  the  great  key  industries  it  felt  it  could  confidently  commit 
itself.  A  year  ago  that  essential  industry  manifested  itself  in 
terms  of  guns,  shells,  and  bayonets,  of  battleships  and  their 
auxiliaries,  and  of  aircraft.  The  qualities  characteristic  of  its 
product  had  been,  as  it  were,  transferred  to  our  brave  soldiers — 
the  strength  of  iron  and  the  unyielding  endurance  of  steel.  The 
Institute  had  taken  a  most  important  part  in  the  nation's 
victorious  warfare.  The  sword  was  now  to  be  beaten  into  a 
ploughshare  and  the  spear  into  a  pruning-hook,  and  the  resource- 
ful energies  of  the  industry  to  be  used  again  for  the  requirements 
of  the  world  at  peace.  In  placing  the  Guildhall  at  the  disposal 
of  the  Institute,  the  City  Corporation  was  doing  a  national  service 
by  welcoming  to  the  Guildhall  of  the  City  of  London  the  Iron  and 
Steel  Institute.  He  was  not  unconscious  of  the  importance  of  their 
visitors  in  matters  which  afifected  the  welfare  of  their  country  and 
of  other  countries  in  commerce  and  in  industry.  He  (the  Lord 
Mayor)  was  happy  in  being  seated  between  the  representative 
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of  a  Government  on  his  right  and  the  representative  of  a  great 
commercial  firm  on  his  left,  with  whom  as  a  nation  and  as  English- 
men all  were  in  perfect  accord  that  day.  They  rejoiced  in  that 
fact,  and  they  trusted  that  miderstahding  might  long  continue 
to  prevail. 

The  President  then  proposed  the  toast,  "  Peace,  Progress, 
and  Prosperity."    He  said  : 

"  Your  Excellency,  my  Lord  Mayor,  my  Lords  and  Gentle- 
men,— I  cannot  allow  the  occasion  of  these  toasts  to  pass  without 
thanking  you  all  for  having  responded  to  the  invitation  of  the 
President  and  Council  of  the  Iron  and  Steel  Lastitute.  I  see 
around  me  those  that  helped  to  win  the  war  and  those  that  are 
building  up  a  new  world.  I  have  certainly  no  intention  of  recalling 
here  the  tremendous  efforts  and  the  unprecedented  exploits 
achieved  during  the  past  five  years  by  the  AlHed  Nations  under 
the  guidance  of  Ministers,  statesmen,  and  mihtary  leaders  whose 
names  will  live  in  history.  A  very  long  speech  would  fail  to 
convey  an  accurate  impression  of  what  has  been  accomplished 
in  their  own  special  domains  by  our  mechanical  engineers,  naval 
architects,  civil  engineers,  and  metallurgists,  of  whom  you  will 
allow  m^  to  say  with  some  degree  of  professional  pride  that  they 
have  forged  an  armour  proof  against  '  the  dry  powder  and  the 
sharpened  sword  *  of  our  enemies,  and  I  am  quite  sure  that  tasks 
of  equal  importance  and  equally  efficacious  have  been  success- 
fully accomplished  in  their  respective  spheres  of  action  by  all 
the  eminent  corporations  represented  here.  I  would  wish,  how- 
ever, to  avail  myself  of  the  truly  exceptional  opportunity  afforded 
me  briefly  to  deal  with  the  existing  moral  situation  of  the  aUied 
nations  and  more  especially  of  the  British  and  French  nations 
who  are  bearing  on  their  shoulders  the  main  burden  of  peace. 

**  I  believe  indeed  that  statements  of  this  nature,  sincere  and 
concise  as  possible,  devoid  of  rhetorical  flourish  and  made  by  the 
leaders  of  our  great  corporate  Associations,  may  prove  of  use  in 
the  resettling  of  that  new  social  order  which  the  peoples  of  old 
Europe  are  impatiently  awaiting. 

"  What  complicates  the  task  of  men  of  goodwill  is  that  many 
weak  and  short-sighted  folk  imagine  that  they  possess  some 
infalhble  nostrum  or  some  general  formula  obtaining  in  every  case 


Digitized  by 


Googk 


THE  ANNUAL  PINNER.  698 

and  tinder  every  circumstance.  I  feel  certain,  however,  that  the 
great  mass  of  French  and  British  working-men  know  where  their 
true  interests  lie,  instinctively  distrust  day-dreamers  and  are 
fervently  looking  forward  to  the  establishment  of  a  satisfactory 
social  order  without  revolutionary  crises  or  civil  commotion. 

"  Is  the  task  an  impossible  one  ?  I  cannot  bring  myself 
to  believe  it  so,  and  there  will  no  doubt  be  found  some  master- 
builders  capable  of  rearing  the  new  edifice  wherein  every  tenant 
can  take  pleasure  in  life  provided  that  the  social  problems  that 
preoccupy  us  to  the  exclusion  of  all  others  are  dealt  with  by  those 
amongst  us  who  are  worthy  of  the  noble  title  of  Leaders  of  Men, 
who  are  capable  of  appreciating  with  the  necessary  detachment 
of  mind,  not  only  the  phenomena  of  history  and  economy  but 
their  own  conceptions  thereof,  quite  impersonally  as  matters  of 
scientific  disinterested  inquiry.  Such  is  the  price  we  must  pay 
to  safeguard  ourselves  from  the  snares  of  enthusiasm  or  depression 
and  the  evil  suggestions  of  precedent  or  routine,  styled  by  our 
poet  SuUy-Prudhomme : 

''  *  Cette  etrangdre  qui  supplante  en  nous  la  raison.' 

**  Such  is  the  penalty  exacted  from  whoever  desires  to  appraise 
each  varying  factor  in  the  problem,  according  to  its  exact  value, 
and  the  weight  it  bears  in  the  domain  of  probabiUties  and 
possibilities. 

*'  Let  us  picture  to  ourselves  the  men  of  our  European  nations 
as  moulded  during  long  centuries  of  national  life  and  as  trans- 
formed by  five  years  of  warfare.  After  this  it  may  be  possible 
for  us  to  trace  an  outline  of  the  kind  of  Society  which  affords 
free  play  for  their  individual  activities. 

"  In  normal  times  the  greater  majority  of  mankind  obey  the 
impulse  of  immediate  self-interest.  War,  on  the  contrary,  is  a 
crisis  during  which  man  succeeds  in  overcoming  this  instinct, 
War  thus  gives  rise  to  innumerable  and  extraordinary  instances 
of  self-sacrifice,  and  the  war  which  we  have  just  undergone  has 
raised  to  hitherto  unknown  heights  the  spirit  of  patience  and  self- 
denial,  a  spirit  more  difficult  to  evoke  and  to  maintain  amongst 
soldiers  than  the  love  of  fighting  and  risk. 

"  It  is  not  with  impunity  that  such  an  effort  is  exacted  ;  we 
must  expect  to  pay  for  the  strain  with  fatigue  and  depression 
1919— i.  2  Q 
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all  the  greater  as  we  were  at  the  outset  less  properly  traiixed  to 
bear  it. 

**  The  different  nations  visited  by  the  war  show  an  alarming 
depression  of  spirits,  bat  some  suffer  more  severely  than  the  others. 
The  most  acui^  form  of  the  malady  is  to  be  found  amongst  the 
Eussian  people.  Straining,  indeed,  even  before  the  war  under 
the  evils  of  bureaucratic  maladministration,  wasted,  during  the 
campaign,  by  starvation,  intoxicated  by  the  potent  alcohol  of 
anarchist  propaganda,  Bussia  has  finally  been,  to  use  a  simile, 
suddenly  stricken  by  mental  paralysis  owing  to  the  almost  in- 
stantaneous disappearance  of  the  administrative  and  intellectual 
framework  of  the  country. 

"Healthy  and  robust  nations  endowed  with  century-old 
collective  minds  such  as  England  and  France,  have  borne  without 
irremediable  internal  complications  the  terrible  consequences 
of  the  war,  nevertheless  they  must  consent  to  follow  a  definite 
rSgime  of  moral  reconstruction.  We  are  now  convalescent.  Of 
this  fundamental  circumstance,  we  must  not  lose  sight,  particularly 
as  regards  France,  whose  power  of  resilience  is  truly  characteristic. 
To-day  France  must  share  with  Great  Britain  and  their  Allies 
the  fruits  of  a  prodigious  victory,  the  healing  virtue  of  which  will 
help  her  and  them  to  recover.  Now,  doctors  agree  in  recom- 
mending their  convalescent  patients  to  avoid  excitement.  Drugs 
are  no  longer  prescribed  and  surgical  operations  are  unseasonable. 
Are  we  and  they  to  choose,  therefore,  this  critical  time  to  caU 
in  any  hare-brained  quack  whose  experiments  would  be  dangerous^ 
to  say  the  least,  even  in  the  full  flush  of  health  ? 

*'  We  have  recently  discovered  how  deeply  and  how  diversely 
the  moral  consequences  of  the  war  vary  according  to  the  nations 
concerned ;  we  must  anticipate  that  they  will  vary  equally 
according  to  the  standing  of  the  individuals.  It  would  therefore 
be  imprudent  to  draw  hasty  generaUsations.  It  is  necessary, 
on  the  other  hand,  to  endeavour  to  forecast  the  motives  which 
will  influence  our  different  classes  of  countrymen  in  this  new 
era  of  peace.  This  is  no  easy  task,  since  it  involves  nothing 
less  than  a  complete  psychological  study  of  a  people,  and  that 
of  the  different  races  that  have  moulded  it,  and  whose  traits 
have  survived,  with  more  or  less  admixture,  through  successive 
generations. 
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'^  Among  the  ^principal  classes  of  population,  th^  inquiry 
must  be  instituted,  after  the  fashion  of  a  geologist,  exploring 
stratum  after  stratum  of  the  subsoil.  Nor  should  we  lose  sight 
of  the  profound  and  intimate  interdependency  of  these  classes 
whose  perfect  eqiupoise  will  prevent  some  fatal  cleavage  in  the 
rock  or  slip  in  the  sand. 

''  Let  us  take  as  an  example,  one  of  Kipling's  well-known 
characters,  the  Captain  of  the  Dimbula,  who  remarks  in  regard 
to  the  components  of  his  new  ship  : 

"  *  For  a  ship,  ye'U  obsairve.  Miss  Frazier,  is  in  no  sense 
a  reegid  body  closed  at  both  ends.  She's  a  highly  complex 
structure  o'  various  an'  conflictin'  strains,  wi'  tissues  that  must 
give  an'  tak'  accordin'  to  her  personal  modulus  of  elasteecity.'  ^ 

''  Certain  main  facts  must  be  borne  in  mind ;  they  are  the 
high  roads  discernible  to  the  expert  airman  amidst  the  maze  of 
forest,  tilled  soil,  and  pasture  land. 

"  After  all,  at  the  present  time,  the  average  man  will  only 
Kve  and  work  so  long  ^as  he  finds  pleasure  in  life.  Work  per- 
formed from  a  sense  of  self-sacrifice,  or  in  obedience  to  a  meta- 
physical, philosophical,  or  religious  ideal  constitutes  the  motive 
of  but  a  very  small  minority.  We  must  not  shut  our  eyes  to 
this  truth,  however  unpleasant  it  may  appear  to  some  of  us, 
and  I  even  believe,  as  I  have  already  pointed  out,  that  one  of 
the  consequences  of  the  war  will  have  been  still  further  to  reduce 
momentarily  the  small  cohort  of  idealists.  We  ultimately 
reach,  therefore,  this  singular  conclusion  :  that  the  allied  nations 
who  have  given  the  best  they  had  in  them  to  secure  the  triumph 
of  a  disinterested  cause  against  the  enemy,  will  now  be  com- 
pelled to  put  forth  every  effort  to  keep  the  hurricane  of  revolu- 
tion from  extinguishing  for  ever  the  flickering  flame  of  idealism 
still  burning  on  their  hearths. 

"  What,  then,  is  the  prime  factor  in  the  joy  of  life?  Is  it 
to  be  sought  solely  in  the  satisfaction  of  immediate  material 
wants  ?  Is  it  to  be  sought,  in  accordance  with  the  example  of 
Buskin,  in  the  love  of  a  fine  handicraft,  practised  after  the  rites 
of  the  Livery  Companies  of  London  or  of  those  ancient  guilds 
which  throughout  long  centuries  satisfied  the  aspirations  of 
thousands  of  workers  in  the  ancient  Flemish  towns  of  Bruges, 

1  Bndjard  Kipling :  The  Day's  Work. 
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Ypres  and  Ghent  ?  Or  should  it  be  sought  in  some  diametiioaUy 
opposite  direction,  in  the  widespread  diffusion  of  machinery  and 
of  '  Taylorism/  which  would  allow  of  the  whole  of  the  material 
wants  of  humanity  being  obtained  at  the  cost  of  the  minimum  of 
work,  thus  leaving  to  the  .workers  of  the  future  longer  and  longer 
hours  of  daily  leisure  ? 

''  I  do  not  think  it  possible  to  furnish  any  single  or  categorical 
reply  to  these  questions,  owing  to  the  diversity  of  human  character. 
What  does  seem  indispensable  is  that  the  greatest  p'ossible  number 
shall -be  sure,  not  only  of  the  bare  necessities  of  life,  but  also  of 
a  certain  surplus,  which,  however  sUght,  yet  allows  a  man  to 
practise  thrift  and  to  feel  that  he  is  captain  of  his  own  soul. 

''  It  is  this  that  infuses  Ufe  into  all  those  spontaneously 
formed  social  cells,  the  aggregate  of  which  constitutes  the  modem 
state.  Private  families,  trade  associations,  large  or  small  manu- 
facturing firms,  corporate  bodies  of  every  kind,  thrive  all  the 
better  and  create  altogether  a  more  '  living  *  general  atmo- 
sphere, in  proportion  as  the  spirit  of  enterprise,  love  of  effort 
and  pleasure  of  risk  are  afforded  opportunities  of  manifesting 
themselves,  that  is  to  say,  in  proportion  as  normal  human 
activities  find  more  abundant  outlets.  The  health  of  the  social 
cells  to  which  I  have  referred  appears  to  me  the  more  robust  and 
the  more  exuberant  in  proportion  as  we  can,  according  to  a 
saying  of  the  Emperor  Napoleon,  *  ouvrir  la  carridre*  au  talents.* 
There  is  in  us  a  deep-seated  distrust  of  those  who  wish  the  State 
to  encroach,  more  and  more,  upon  the  pro/ince  of  the  individual. 
As  Macaulay  said : 

'''An  academy  of  painting,  which  should  also  be  a  bank, 
would,  in  all  probabihty,  exhibit  very  bad  pictures,  and  discount 
very  bad  bills.  A  gas  company  which  should  also  be  an  infant 
school  society  would,  we  apprehend,  light  the  streets  ill  and  teach 
the  children  ill.'  ^ 

"  Let  us  give  our  social  groups  unlimited  range  of  action, 
and,  in  the  Commonwealth,  entire  political  power,  and  but  few 
of  those  who  compose  them  will  then  faU  victims  to  their  enemies' 
weariness  and  doubt,  because  they  will  see  the  direct  outcome 
of  their  efforts,  enjoy  the  fruit  of  their  work,  and  feel  the  necessity 

^  Eaaaya,  hv  Lord  Macaulay,  "  Gladstone  on  Church  and  State,"  vol.  ii.  OoBeettd  Smow, 
1868. 
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of  those  elements  of  order  which  differentiate  a  living  association 
from  the  mere  human  herd  to  which  Bolshevism  reduces  mankind. 
Progress  should  mean  increasing  the  diiect  interest  that  each 
member  of  any  one  of  these  organisms  has  in  the  prosperity  of 
the  whole.  In  our  great  industrial  enterprises  the  humblest  of 
the  workmen  or  the  most  insignificant  of  the  employees  should 
have  it  brought  home  to  him  in  the  most  emphatic  manner  that 
masters  and  men  are  linked  together  by  the  strongest  of  ties, 
communities  of  interest.  He  should  take  to  heart,  as  he  would  his 
personal  concerns,  the  vicissitudes  that  his  own  establishment  ex- 
periences, the  success  it  achieves,  the  transformations  it  undergoes. 
''  Certainly  the  road  ahead  is  a  long  one  for  those  who,  like 
ourselves,  seek  to  attain  by  systematic  progress  this  yet  far 
distant  goal.  We  shall  for  a  long  time  to  come  have  to  expend 
a  wealth  of  ingenuity  and  of  patience  to  educate  the  broad  mass 
of  workers  to  the  point  of  viewing  correctly  and  without  prejudice 
the  relations  between  capital  and  labonr,  masters  and  men.  What 
is  involved  is  indeed  far  more  a  radical  transformation  of  spirit 
and  of  thought  than  the  framing  of  more  or  less  ingenioas  scales 
of  wages.  It  is  also  necessary  that  this  transformation  be 
accepted  unconstrainedly  under  the  impulse  of  common  sense 
alone,  and  based  simply  on  the  facts  themselves,  divested  of  those 
formidable  stumbling-blocks,  pedantry  and  pseudo-science.  This 
is  a  complex  task,  necessitating  infinite  deUcacy  of  feeling  and 
tact  on  the  part  of  those  to  whom  it  is  entrusted — our  young  civil 
engineers.  I  feel  convinced  for  my  own  part  that  the  natural 
sociabiUty  of  our  races,  their  innate  sense  of  frankness  and  loyalty, 
and  their  capacity  for  enthusiasm  constitute  the  most  favourable 
pledges  of  the  success  of  this  new  gospel  to  the  workpeople  of 
Great  Britain  and  of  France.  It  must  not  be  said  of  us  that  we 
have  failed  to  explain  with  perfect  sincerity  to  our  workpeople 
the  true  state  of  affairs  in  the  industrial  world  of  to-day,  or  that 
we  have  failed  to  remove  the  fallacies  upon  which  communism 
is  based.  Thanks  to  this  action,  common  sense  will  reassert 
itself,  and  no  longer  will  it  be  sought  to  build  up  the  New  Social 
World  on  a  priori  statements,  neither  proven  nor  impartially 
investigated,  which  would  be  nothing  less  than  a  perilous  per- 
version  of  that  social  welfare,  the  search  for  which  is  the  obsession 
of  all  noble-minded  men. 
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"  From  whatever  side  we  approach  the  social  question,  the 
appeal  to  experience  and  historical  common  sense  as  well  as  the 
direct  examination  of  the  moral  situation  of  the  working-class, 
alike  yield  the  same  answer  :  we  must  at  all  costs  prove  by  over- 
whelming evidence  that  the  communistic  dream  leads  to  the 
systematic  degradation  of  human  energy,  the  general  lowering 
of  wrll-power  and  intellect,  and  the  permanent  over-lordship 
of  heartsickness  and  boredom,  in  sum,  to  the  gradual  extinction 
of  the  vital  flame.  But  we  must  also  show  ourselves  capable 
of  exercising  the  necessary  directive  and  discriminative  capacity, 
and  that  we  are  prepared  to  devote  ourselves  to  the  gigantic 
task.  The  best  method  to  adopt  is  to  let  the  facts  speak  for  them- 
selves, without  giving  up  morft  time  than  is  necessary  to  words 
or  writings. 

"  The  requisite — ^yet  almost  entirely  lacking — ^relations 
between  the  mass  of  the  working-class  and  the  ^hte  of  the  ad^ 
ministrative  class  can  only  be  secured  by  a  somewhat  similar 
movement  in  both.  Our  future  captains  of  industry  must  have 
learned  to  know  their  men  otherwise  than  many  do  to-day ;  and 
our  workpeople  must  also  have  some  means  of  judging  their 
leaders  other  than  by* hearsay. 

**  We  have  all  undergone  technical  courses  in  metallurgy, 
engineering,  and  electricity,  which  have  been  well  adapted  to 
teach  us  to  manipulate  material  as  well  as  to  teach  us  the  limita- 
tions of  our  control  over  it.  How  many  of  our  contemporaries 
have  learned  how  to  deal  with  the  human  mind  or  are  familiar 
with  the  psychology  of  the  masses — a  subject  far  more  intricate 
than  is  generally  supposed  ?  Our  military  chiefs  certainly  owe 
a  large  measure  of  their  success  in  the  recent  war  to  the  fact  that 
the  study  of  the  psychology  of  the  soldiers  in  modem  armies  has 
been  given  a  foremost  place  in  the  curricula  of  our  military 
academies.  The  study  of  the  mentality  of  the  soldier  had  already 
as  early  as  1870  occupied  the  attention  of  Colonel  Ardant  du  Picq. 
Such  a  military  writer  as  Ardant  du  Picq  should  be  an  example 
to  our  future  captains  and  generals  of  industry.  To  obtain  the 
desired  result  there  is  but  one  way  :  our  engineers  must  first  of 
all  include,  in  the  arrangement  of  their  studies,  a  few  months' 
probation  in  the  workshop  as  ordinary  working-men,  and  they 
must  never  lose  the  benefit  of  that  early  oontaoti  but  in  after  life 
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should  continue  to  maintain  direct  and  natural  relations  i#ith 
the  men. 

"  I  fully  appreciate  the  difficulties  of  the  task  ;  I  am  perfectly- 
aware  that  student-engineers  will  be,  at  any  rate  at  the  com- 
mencement of  their  careers,  indifferent  workmen  in  the  techni- 
cal sense.  I  am  perfectly  aware  likewise  that  it  will  necessitate 
on  their  part,  later  on,  infinite  tact  to  overcome  the  natural 
distrust  of  the  workers  and  to  enlist  their  sympathy.  All  these 
difficulties  can  be  overcome  by  men  of  intelligence  endowed  with 
what  Pascal  termed  '  esprit  de  finesse,'  which  is  a  far  more 
useful  asset  for  our  future  industrial  leaders  than  the  most 
elaborate  scientific  equipment.  Moreover,  the  Western  working- 
men  will  naturally  appreciate  leaders  who  so  readily  and  pluckily 
submit  to  their  criticisms. 

"  In  their  turn,  tTie  engineers  have  much  to  learn  from 
the  men.  The  latter  are,  for  the  most  part,  keen  observers.  If 
they  are  not  able  always  to  explain  what  they  see,  their  empiric 
knowledge  is  often  much  keener  than  that  of  scientists. 

"Above  all,  however,  our  young  men  will  learn  all  about 
their  ideas,  even  their  prejudices,  and  it  cannot  be  doubted  that 
in  due  time  by  interpenetration  of  the  two  classes,  a  great  step 
will  be  taken  towards  a  better  understanding. 

"  You  will  remember,  my  Lords  and  Gentlemen,  that  con- 
ception of  Clerk  Maxwell,  of  a  tiny  '  daemon  ' — some  Ariel  from 
Fairyland — suddenly  appearing  on  our  planet  and  sorting  the 
molecules  of  oxygen  and  nitrogen  as  easily  as  we  ourselves-  sort 
a  mixture  of  grain:  in  a  sack. 

"  Now  it  devolves  upon  us  alone  to  set  free  a  number  of  Ariels 
at  present  shut  up  in  the  *  pine-rifts  *  of  the  social  world,  and 
entrust  these  benevolent  beings  with  the  task  of  sorting  out 
the  human  molecules  and  banding  them  together  into  brother- 
hoods, men  of  good-will. 

"  By  acting  thus,  we  shall  in  truth  be  following  up  a  Law  of 
Life-;  I  am,  for  my  own  part,  convinced  that  nature  bids  us  in 
clear  language  so  to  act.  Whenever,  indeed,  we  seek  to  classify 
the  elemental  phenomena  of  life  in  relation  to  the  physical 
phenomena,  we  see  that  they  correspond  to  normally  irreversible 
transformations  that  a  hidden  '  daemon '  has  rendered  for  a 
time  reversible. 
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"  This  mysterious  power,  which  is  life,  exercises  no  inflaenoe 
upon  the  physical  and  chemical  relations  between  the  molecules 
that  constitute  the  human  body ;  it  does  not  interfere  with  the 
mechanical  law  of  the  equivalence  of  work  and  heat ;  no  process 
of  analysing  or  weighing  can  therefore  bring  it  to  light.  It 
exists,  nevertheless,  and  its  action  is  continuous,  for  the  moment 
it  disappears,  the  phenomena  thenceforth  occur  in  all  their 
natural  order ;  that  is  to  say,  in  the  direction  of  a  continued 
increase  of  entropy,  which  means,  in  this  instance,  the  prompt 
dissolution  of  the  body  thus  abandoned  by  the  vital  spark. 
And  I  repeat,  it  only  depends  on  us  to  create  and  maintain  amongst 
mankind  the  power  capable  of  infusing  life  into  our  communities, 
and  of  enabling  them  to  evolve  along  the  lines  we  deem  the 
best.  There  is  nothing  specially  mysterious  in  all  this,  inas- 
much as  we  ourselves  constitute  the  cells  of  these  organisms 
and  inasmuch  as  we  can  set  free  the  Ariels  and  good  fairies 
destined  to  play,  amongst  mankind,  the  part  which  Maxwell 
assigned  to  his  '  daemons  '  within  molecular  space. 

"  Everything  impels  us  to  the  attempt  for  improvement, 
seeing  that  it  can  be  brought  about  by  human  means.  The 
task,  immense  though  it  be,  does  not  exceed  the  resources  of 
energy  and  enthusiasm  which  the  British  and  French  peoples  can 
pool.  The  ancient  rivalries  of  a  bygone  day  and  the  old  distrust 
have  disappeared  for  ever  in  the  memory  of  our  two  nations ; 
they  b^kve  been  dissipated  in  the  smoke  of  battle ;  the  sacrifice 
of  our  soldiers  spread  over  four  years  has,  as  its  reward,  the 
noblest  fraternity  of  arms  that  has  ever  been  known  in  the  annals 
of  war.  Nothing  can  in  the  future  destroy  this  bond  forged  in 
the  midst  of  war's  alarms  and  agonies,  and  which  has  been  able 
to  resist  the  despairing  assault  of  the  enemy.  In  peace  as  in 
war,  in  the  workshop  as  in  the  trench,  there  will  reign  the  same 
faith  in  the  righteousness  of  that  common  cause  for  which  we 
have  had  the  will  to  fight  and  to  win. 

"  There  is  no  more  beautiful  promise,  during  these  days  of 
trouble  *which  are  the  last  echoes  of  the  great  convulsion,  than 
the  blossoming  of  that  affection  between  people  and  people 
which  will  confer  upon  our  two  nations  a  fresh  lease  of  youth  and 
must  necessarily  react  by  cementing  mutual  trust  in  all  the 
economic  or  social  relations  between  our  two  countries.    An 
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alliance  like  that  between  England  and  Franise  is  unexampled 
in  history  and  in  it  lies  our  best  hope  for  the  future : 
**  Peace,  Progress,  and  Prosperity.'* 

The  Bight  Hon.  Sir  Auckland  Geddes,  K.CB.  (Minister  of 
Beconstruction  and  Acting  President  of  the  Board  of  Trade), 
in  responding,  said :  Mr.  Schneider's  thoughtful  and  eloquent 
speech  gave  food  for  reflection  which  could  be  carried  home 
and  pondered  over.  It  suggested  to  his  mind  the  text : 
'*  Ye  that  have  escaped  the  sword,  stand  not  still."  That 
seemed  to  him  to  be  the  motto  which  underlay  the  whole 
thought  and  structure  of  the  speech.  The  definition  of  a  State 
as  an  assemblage  of  groups  embodied  one  of  the  newer  thoughts 
with  regard  to  social  organisation.  The  stable  democratic  State 
of  the  future  would  be  a  group  of  groups  of  groups,  a  distant 
ideal  towards  which,  unconsciously  but  none  the  less  surely^  all 
were  now  moving,  precept  by  precept  and  line  upon  line.  In 
that  group  the  common  interest  would  be  the  unit,  and  not  the 
man  thinking  only  of  himself.  At  the  present  moment  the 
country  was  full  of  problems  which  demanded  instant  solution. 
The  whole  life  of  the  nation  had  by  five  years  of  war  been  dis- 
organised and  the  social  fabric  shattered.  As  they  sat  there  that 
night,  after  a  sumptuous  banquet,  in  peace  and  comfort,  it  was 
only  by  an  effort  of  mind  that  they  could  recall  that  there  were 
in  Europe  hundreds  of  millions  of  people  faced  with  ruin  and 
starvation  unless  the  life  of  Europe  were  started  once  again  and  the 
streams  of  trade  again  flowed  through  the  markets  of  the  world. 
It  was  no  time  for  dreaming ;  it  was  a  time  for  action,  guided  by 
such  knowledge  and  intelligence  as  God  had  given  them.  There 
were  centres  and  foci  of  diseased  mentality  that  were  growing, 
and  might  spread,  and  infect  vast  areask  of  Europe.  They  were 
passing  through  one  of  the  very  greatest  periods  in  the  history 
of  mankind.  Only  the  day  before  at  Versailles,  a  place  haunted 
by  the  memory  of  Germania  triumphant,  Germania  in  defeat 
had  received  a  statement  of  the  price  of  atonement  which  must 
be  paid  before  she  could  be  readmitted  to  the  community  of 
nations.  What  a  moment  and  what  a  triumph  that  had  been  ! 
]^o  man,  he  thought,  had  ever  in  the  history  of  all  the  world 
stood  in  so  dramatic,  so  moving  a  position  as  had  the  Prime 
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Minister  of  France,  Mr.  Clemenceau,  on  that  occasion  when  he 
handed  to  the  German  delegates  that  document  which  he,  through 
his  strength,  his  fire,  and  his  indomitable  courage,  had  done  so 
much  to  make  possible.  It  was  no  moment  for  vulgar  boasting  ; 
rather  should  they  approach  the  event  -v^ith  minds  imbued  with 
a  proud  thankfulness  for  the  great  valour,  the  undying  glory  of 
men  of  many  races,  of  many  nations,  and  of  many  colours,  who 
had  carried  to  victory  the  cause  of  democracy,  liberty  and 
freedom.  And  as  we  think  of  that  great  moment  in  Faris»  let  us 
think  also  of  those  countries  lying  now  destroyed  and  desolate 
in  the  East.  Within  the  last  few  days — at  the  outside  weeks — 
he  (Sir  Auckland)  had  spoken  to  men  who  had  come  back  from 
Eussia,  from  various  parts  of  Germany,  from  Hungary,  from 
Austria,  and  from  the  new  States  that  were  arising.  In  substance 
they  had  all  said  :  "  We  have  seen  that  dying  world — people  hope- 
less, helpless,  workless,  starving — simple  folk  who  cannot  under- 
stand the  fate  that  has  come  upon  them — men  and  women  who 
approach  us  and  say,  *  Won't  England,  won't  France,  won't 
America,  help  us  to  get  back  to  life,  for  if  this  goes  on  there  is 
nothing — nothing — for  us  but  to  die,  Hlerally  to  die  of  starva- 
tion ? '  "  From  that  great  dying  body  in  Europe  came  strange 
movements  and  strange  cries.  What  was  Bolshevism  but  the 
death-rattle  in  the  throat  of  a  civilisation  ?  It  was  not  a  thing  by 
which  men  could  live  ;  it  was  a  sign  of  approaching  death.  Bol- 
shevism in  all  its  forms  might  very  soon  be  manifest  in  countries 
where  now  it  seemed  unlikely  to  be  found.  Peace  was  indeed  - 
an  urgent  need  for  Europe,  and  with  peace,  trade,  because  without 
it  what  was  there  for  all  those  peoples  to  look  forward  to  but 
death  ?  They  were  the  children  of  industry ;  they  were  the 
children  of  steel,  of  steam,  and  of  credit.  Without  those  things 
the  great  teeming  popufcitions  of  the  cities  could  never  live. 
"  On  you  in  this  country  "  (said  Sir  Auckland  Geddes),  *'  on  your 
fellows  in  France  and  America,  and  on  all  merchants  and  manu- 
facturers and  business  men  in  those  lands,  lies  a  great  burden, 
for  it  is  through  you  and  through  your  fellows  that  physical 
salvation  alone  can  be  found  for  Europe.'* 

Proceeding,  he  said  it  was  not  only  in  Europe  that  there 
was  cause  for  anxiety;  darker  and  more  menacing  storm 
clouds   were   gathering  over  Asia.    The   emotion  of   religion 
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was  as  powerful  to-day  as  ever  it  was  to  make  men  die  gladly 
for  the  faith  that  is  in  them.  Beligious  fervour  was  being 
stirred  up  in  all  those  lands  which  had  looked  to  Constanti- 
nople as  the  seat  of  thb  CaUph.  The  position  was  threatening ; 
there  might  be  wild  fighting  between  tribe  and  tribe  and  little 
nation  and  little  nation,  simply  for  the  right  to  live.  Movements 
were  visible  everywhere ;  strange  influences  were  at  work ;  and 
the  only  things  that  would  stay  them  were  trade,  commerce,  and 
the  hope  that  prosperity  might  once  again  be  built  up. 

During  the  last  few  weeks  he  had  had  many  representations 
made  to  him  by  manufacturers  and  merchants  who  said, "  We 
cannot  stand ;  we  will  suffer  disaster  unless  the  Government 
comes  to  our  aid,  unless  the  Government  protects  our  trade, 
unless  the  Government  prohibits  'imports  of  similar  kinds  of 
goods.*'  There  were  many  cases  where  the  Government  could 
help,  and  where  it  was  doing  its  best  now  to  help ;  but  there 
were  many  cases  where  what  was  lacking  was  an  appreciation  of 
the  importance  to  the  whole  of  civilisation  of  getting  trade  going 
and  of  taking  some  risks — great  risks,  it  might  be — in  getting 
it  going.  The  Government  could  not  bear  the  whole  burden, 
and  sometimes  when  it  tried  to  bear  a  part  of  the  burden  it  was 
assailed  for  introducing  the  dread  hand  of  bureaucracy  into 
the  business.  It  was  one  of  the  most  difficult  problems  that 
the  mind  of  man  had  ever  had  to  try  and  solve — to  adjust  the 
balance  between  Government  help  and  non-interference  ;  laissez- 
/aire.  There  were  men  who  came  to  him  and  said  :  "  It  pays 
us  better  to  have  a  small  turnover  and  keep  prices  high  than 
it  would  do  to  have  a  large  turnover  and  have  prices  low."  He 
implored  such  men  to  remember  that  that  way  lay  disaster 
to  the  whole  country.  If  only  manufacturers  forming,  as  some 
of  them  did,  rings  to  keep  up  prices  would  say :  "  No,  let  us  get 
the  prices  down  as  low  as  we  can  and  get  this  trade  stream 
flowing,"  then  indeed  they  would  be  doing  something.  The 
extra  penny  was  the  thing  that  was  strangling  trade  now 
more  than  anything  else — the  little  bit  more  of  profit  on  each 
article.  The  whole  world,  the  whole  of  civilisation  would  crack, 
the  whole  of  the  credit  system  would  be  shattered,  not  only  the 
credit  system  of  this  country  but  of  the  world,  beyond  hope  of 
immediate  repair,  unless  the  trade  streams  flowed  again,  and  the 
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only  way  to  start  them  was  to  get  prices  as  low  as  they  could 
possibly  be  got.    He  had  looked  forward  to  addressing  those 
present  that  evening,  their  great  corporation,  which  represented 
the  greatest,  he  believed,  of  all  manufacturing  industries,  because 
he  knew  the  harm,  the  absolute  ruin«  that  tha^^  policy,  which 
some  manufacturers  had  adopted,  was  going  to  bring  not  only 
upon  us  but  upon  those  overseas  who,  if  the  policy  were  different, 
would  ultimately  become  our  greatest  markets.    The  policy  of  high 
prices  which  was  in  vogue  was  doing  more  now,  every  month, 
to  damage  the  country  than  a  further  month  of  fighting  would 
have  done.    He  hoped  what  he  had  said  might  pass  beyond  that 
gathering,  because  it  mattered  more  than  anything  else  now  that 
someone  should  say  what  he  had  said,  and  that  the  country  should 
believe  it.    Higher  wages,  of 'course,  had  to  be  allowed  for,  but 
there  was  no  reason  they  should  seek  higher  profits.    He  would 
say,  **  Get  the  trade  going,  and  the  profits  will  come  in."    Wages 
were  high  because  money  was  cheap  ;  it  had  depreciated.    There 
were  comparatively  few  trades  that  were  paying  in  real  value  to 
the  workers  more  than  was  paid  in  real  value  before.    All  he 
pleaded  for  was  that  no  one  should,  through  a  desire  to  gain  over 
and  above  a  fair  gain,  add  to  the  difficulties  that  existed.    The 
cost  of  food,  the  cost  of  living,  were  merely  expressions  of  the  fall 
in  the  value  of  money,  for  reasons  beyond  the  control  of  man. 
What  did  the  word  **  peace  *'  mean  ?    There  were  few  more 
difficult  words  to  define.    He  thought  **  peace  "  meant  the  jojrful 
acceptation  of  the  reign  of  law,  and  world  peace  the  joyful  accepta- 
tion of  that  reign  by  all  mankind.    He  begged  the  merchants 
and  manufacturers  of  Great  Britain  if  that  were  a  fair  meaning 
of  the  word  *'  peace,''  to  let  it  sink  deep  into  their  hearts,  and  to 
remember  in  their  business  that  they  had  drunk  to  such  a  peace  in 
the  old  Guildhall  that  night.    Peace  was  subjective,  not  objective  ; 
it  was  not  a  question  of  a  signed  treaty  only — that  was  a  mere 
first  step  on  the  way  to  peace.    Beyond  that  lay  the  destruction 
of  old  rancours,  old  jealousies,  old  fears,  more  enduring  than 
any  vellum,  more  lasting  than  any  brass.    Those  had  to  be  de» 
stroyed,  to  be  wiped  out  from  the  mind  of  man.    In  conclusion, 
he  would  say :  ''  I  too  drink  to  peace,  prosperity,  and  progress, 
but  the  peace  I  drink  to  is  the  universal,  joyful  acceptation  of 
the  reign  of  law." 
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'*  The  Guests." 


Sir  EoBERT  Hadfibld,  Bart.,  P.E.S.  (Past-President),  pro- 
posing the  toast  of  the  guests,  said  that  in  the  President  him- 
self they  had  both  a  host  and  a  guest — a  guest  of  honour  indeed. 
The  magnificent  services  he  had  rendered  the  cause  of  the  Allies 
at  the  great  Le  Creusot  works  during  the  war  put  them  all  under 
a  deep  debt  of  gratitude  to  him.  To  those  who  laid  aside  for  a 
time  the  making  of  commercial  products  to  produce  munitions 
for  common  defence  against  the  enemy,  the  world  in  general  was 
greatly  indebted.  Who  before  the  war  would  have  thought  it 
possible  that,  in  three  days  and  upon  one  front,  close  upon  65,000 
tons  of  ammunition  woidd  be  fired  away  ?  The  Him,  however, 
would  have  it  so>  and  the  Allies  had  followed  his  lead,  and 
eventually,  in  the  application  of  science  to  warfare,  whether 
in  chemistry,  physics,  electricity,  civil  and  mining  engineering, 
metallurgy,  or  other  sciences,  had  beaten  him  at  his  own  game. 
The  debt  Great  Britain  owed  Prance  in  metallurgy  suggested 
the  names  of  Martin,  Brustlein,  the  Terre  Noire  scientists — 
Gautier,  Euverte,  and  Pourcel — Osmond,  H6roult,  Le  Chatelier, 
Guillet,  Charpy,  and  many  others.  The  President  when  war  broke 
out  was  Mr.  Greiner,  the  head  of  the  Cockerill  works,  who  fought 
and  died  for  his  country,  largely  owing  to  his  ill-treatment  by 
the  enemy.  It  was  a  great  pleasure  to  see  present  his  son,  Mr. 
Adolph  Greiner,  and  he  asked  him  to  convey  to  his  brother, 
Mr.  Leon  Greiner,  and  the  Cockerill  Company,  their  best  wishes 
for  its  rapid  and  complete  reconstruction.  An  Honorary  Vice- 
President  and  a  recipient  of  the  Bessemer  Gold  Medal,  Dr.  H.  M. 
Howe,  of  Columbia  University,  New  York,  was  to  have  been 
another  guest,  but  unfortunately  he  was  not  present,  Wing  to  a 
chill.  The  Institute  offered  him,  as  a  Past-President  of  the 
American  Institute  of  Mining  Enguieers,  which  has  just  hdd 
its  119th  meeting,  their  heartiest  congratulations  on  the  great 
success  of  the  Engineering  Societies  Building,  New  York — a 
movement  largely  initiated  by  that  body — ^which  was  the  technical 
home  of  some  60,000  technologists.  Would  that  similar  facilities 
existed  in  Great  Britain,  where  they  are  indeed  badly  wanted. 
On  July  27,  1906,  he  (Sir  Eobert)  had  the  honour  of  presiding 
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at  the  Annual  Dinner  in  this  same  historio  Guildhall  when 
the  late  Dr.  Raymond  was  present  and  made  a  memorable 
speech.  He  would  ask  Dr.  Howe  to  take  back  to  the  Institute 
their  sincere  sympathy  in  the  great  loss  it  had  sustained  in  the 
passing  away  of  one  who  had  done  so  mucl](  for  metallurgy  in 
the  United  States.  Dr.  Howe  would  also  be  interested  in 
knowing  that  his  countryman,  Mr.  A.  F.  Shore,  of  New  York, 
who  had  done  so  much  to  help  science  by  inventing  the  Shore 
scleroscope,  had  just  been  awarded  the  first  Hadfield  prize  for 
the  study  of  hardness  tests  by  the  Hardness  Committee  of  the 
Institution  of  Mechanical  Engineers.  There  was  also  present 
General  Aspinall,  ^ho  was  the  British  general  who  rescued  Douai 
and  received  the  flag  of  that  city.  There  were  also  present  the  three 
Presidents  of  the  leading  Societies  of  Technology-7-Sir  John 
AspinaU,  Dr.  Edward  Hopkinson,  and  Mr.  C.  H.  Wordingham, 
representing  respectively  the  civil,  mechanical,  and  electrical 
engineers.  The  great  importance  of  metallurgy  to  the  world 
was  now  admitted  by  all.  What  would  the  world  be  like  if  we 
took  away  iron  and  steel  ?  What  would  become  of  the  whole 
fabric  of  our  life  ?  The  world  to-day  was  built  on  a  foundation 
and  framework  of  steel,  and  the  metallurgist  was  the  master  of 
steel  as  well  as  of  all  those  other  material  things  which  play  a  part 
in  life.  There  was  one  nation  at  least  whose  citizens  were  not 
present  on  this  occasion,  although  they  played  no  small  part 
in  metallurgical  progress,  not  so  much  in  inventing  as  in  applying 
of  the  work  of  others.  Whether  that  people  would  ever  again 
be  taken  into  the  metallurgical  brotherhood  would  depend  upon 
themselves.  It  was  a  happy  augury  that  the  Institute  was  hold- 
ing its  Dinner  in  that  historic  Hall  on  the  very  eve,  practically, 
that  a  firm,  just,  and  lasting  peace  appeared  to  be  definitely  in 
sight.  Fiflally,  the  members  would  warmly  greet  the  Lord 
Mayor  of  London,  Sir  Horace  Marshall,  to  whom  their  heartiest 
thanks  were  due  for  his  hospitaUty,  and  that  of  the  Corporation 
by  allowing  the  use  of  Guildhall  on  so  auspicious  an  occasion. 
He  (Sir  Bobert)  offered  in  the  name  of  the  members  present  a 
most  hearty  welcome  to  their  guests,  coupled  with  the  name 
of  the  French  Ambassador,  to  whom  they  would  accord  an 
especially  hearty  reception,  and  of  General  Seely,  who  had  done 
so  much  for  aeronautics.    It  was  to  be  regretted  that  he  did 


Digitized  by 


Googk 


THE  ANNUAL  DINNBR.  607 

not  arrive  at  the  Guildhall  that  evening  by  aeroplane.  He  (Sir 
Bobert)  hoped  he  would  have  the  greatest  possible  success  in 
the  responsible  position  which  he  now  occupied. 

His  Excellency  the  French  Ambassador  (M.  Paul  Cambon), 
who  received  an  ovation  on  rising  to  reply,  asked  permission  to 
speak  in  Erench.  He  was,  he  said,  much  impressed  with  the 
mark  of  sympathy  which  had  jiist  been  shown  him — a  sympathy 
which  he  was  very  happy  to  transfer  to  his  country.  He  had 
long  been  aware  of  the  sympathetic  ties  which  united  Great  Britain 
and  France,  and  he  could  say  that  a  new  proof  of  them  had  been 
afforded  when,  in  the  full  war  period,  at  a  time  when  both  countries 
were  fighiing  shoulder  to  shoulder  in  the  most  noble  and  most 
just  of  causes,  Mr.  Schneider  had  been  appointed  President  of 
the  Iron  and  Steel  Institute.  The  intimacy  that  obtained  between 
the  two  nations  had  to  be  ''  solidified  ''  and  made  lasting.  The 
war  which,  he  hoped,  would  end  in  a  few  days  by  the  consumma- 
tion of  a  just  peace,  had  been  a  manifestation  of  the  conscience 
of  the  whole  civilised  world  rising  up  against  German  barbarism. 
The  two  nations  had  fought  jointly  for  justice,  and  justice  had 
triumphed.  The  triumph  had  to  be  rendered  durable  ;,  it  had  to 
lead  to  the  rest  which  the  whole  world  had  a  right  to  demand. 
It  was  to  be  hoped  that,  by  the  intimate  union  of  Great  Britain, 
the  United  States,  and  France,  it  would  be  possible  to  ensure  for 
the  whole  world  peace  in  liberty.  The  Lord  Mayor  had  spoken 
of  the  services  which  the  Iron  and  Steel  Institute  had  rendered 
during  the  war ;  he  (the  speaker)  woulll  add  that  all  the  Allies 
had  profited  by  those  services.  Those  services  were  stiU  required, 
political  questions  had  to  be  set  aside,  and  the  same  services  were 
now  demanded  in  connection  with  the  various  social  considerations 
now  confronting  the  nations.  In  social  considerations  public 
opinion  came  in,  and  bodies  such  as  the  Iron  and  Steel  Institute 
were  precisely  those  which  formed  public  opinion.  He  felt  sure 
that,  as  had  been  the  case  in  war,  so  in  peace  time  those  bodies 
would  be  able  to  rise  to  every  emergency. 

Major-General  the  Eight  Hon.  J.  E.  B.  Sbely,  C.B.,  C3f  .G., 
D.S.O.,  M.P.,  Under-Secretary  of  State  for  Air,  who  also 
responded,  said  it  was  a  high   privilege  to  respond  for  the 
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guests  at  that  historic  banquet,  representing  the  fiftieth  year  of 
the  Institute  and  the  year  of  victory.  It  was  a  glorious  thing 
that  in  the  peace  that  had  be^i  won  the  victory  had  been 
achieved  side  by  side  with  France.  Nor  could  they  forget 
that  great  host  of  those  who  contributed  to  victory,  but  who 
were  no  longer  with  them.  They  could  not  forget  that  their 
President  gave  his  son  to  the  proud  cause  of  liberty.  They 
rejoiced  to  think  that  those  who  remained  enjoyed  the  fruits 
of  victory,  and  speaking  on  behalf  of  all  the  forces  of  the 
Crown  he  (General  Seely)  felt  he  could  say  that  it  was  to 
iron  and  steel  that  they  owed  that  victory.  The  valour  of  those 
who  fought  would  have  been  as  nothing  if  the  industry  had  not 
supplied  the  right  material.  Having  spent  nearly  four  years  at 
the  war,  he  knew  full  well  what  it  meant  to  have  enough  shells, 
to  have  enough  bullets,  to  have  enough  tanks,  and  to  have  enough 
aeroplanes.  He  had  known  what  it  was  not  to  have  enough  of 
them  !  The  country  was  grateful  to  those  of  them  who,  by 
theu:  energy  and  skill  and  by  the  energy  and  skill  of  the  men 
whom  they  controlled,  gave  us  the  necessary  power  to  secure 
to  the  valour  of  our  men  the  victory.  Sir  Eobert  Hadfield  had 
asked  him  why  he  (General  Seely)  did  not  arrive  by  air.  He 
woiild  impart  the  reason  to  the  Lord  Mayor.  When  he  came 
past  his  City  in  an  aeroplane  in  the  ordinary  course  of  his  business 
at  the  House  of  Commons,  he  passed  through  the  Tower  Bridge. 
As  he  went  by  he  saw  two  of  His  Majesty's  subjects  shelter  their 
heads  for  a  moment,  and  that  wonderful  figure  of  a  City  police- 
man standing  up  shaking  his  finger  at  him.  There  followed 
a  strange  thing,  that  he,  the  responsible  Minister  in  tlie  Air 
Office,  had  to  answer  the  question  of  what  was  meant  by  an 
aeroplane  flying  over  the  heads  of  the  citizens  of  London  in  too 
close  proximity,  and  he  had  been  requested  to  forbid  it  for 
ever !  It  was  for  that  reason  that  he  was  unable  to  arrive  at 
Guildhall  by  the  most  safe  and  the  most  convenient  method  of 
travel. 

He  wished  to  say  to  the  members  of  the  Iron  and  Steel  Listitute 
that  the  future  of  the  air  lay  with  them.  Better  and  better  steel 
was  the  one  thing  that  will  make  air  travel  really  safe  and  really 
efficient,  and  would  really  link  together  the  outlying  parts  of  the 
Empire  and  perhaps  the  nations  of  the  world.    Let  them  give 


Digitized  by 


Googk 


Plate  XXXVI. 


(T 

a> 

hi 

fH 

Z 
Z 

00 

o 

^ 

ut 

s 

hi 

^ 

-J 

>» 

ctf 

CO 

■o 

3 

so 

-9 

fi. 

3 

Ul 

£ 

»- 

h- 

3 

- 

t 

c 
o 

^ 

"O 

CO 

c 
o 

z 

3 

-1 

— 

Ul 

d 

Ul 

x: 

h- 

2 

co 

*3 

o 

O 

z 
< 

•M 

z 

o 

4J 
Ctf 

or 

■o 

"3 

JC 

To  face  p    608. 
Digitized  by  CjOOQ IC 


Digitized  by  CjOOQ IC 


THE  ANNUAL  DINNER.  609 

him  an  engine  at  1  lb.  per  horse-power  and  they  should  see  marvels. 
Let  them  give  him  one  at  J  lb.  per  horse-power  and  they  would  see 
things  more  marvellous  still.  During  the  past  five  years  there 
had  been  such  a  reduction  in  weight  per  horse-power  that  he  felt 
he  was  not  asking  too  much.  "  I  am  not  " — ^he  said — *'  asking 
you  too  much.  Give  me  J  lb.  per  horse-power  and  I  will 
guarantee  that  we  will  make  air  travel  as  safe,  as  certain, 
and  as  profitable  as  any  other  method  of  travel  in  connection 
with  those  great  developments  to  which  Sir  Auckland  Geddes 
has  referred  if  the  world  is  to  be  saved."  The  members 
pf  the  Iron  and  Steel  Institute  had  the  science  and  the  skill 
at  their  disposal  to  make  that  entirely  new  field  of  activity 
a  real  vital  force  in  the  activities  of  the  world.  It  was  on 
iron  and  steel  that  it  relied.  Finally,  he  would  say  this.  He 
rejoiced  to  be  privileged  to  reply  to  the  toast  of  the  Guests  that 
night.  It  was  almost  his  first  public  appearance  since  the  war, 
and  his  first  appearance  in  that  great  Hall,  although  he  had 
often  spoken  in  it  before  the  war.  The  French  Ambassador,  their 
faithful  friend  through  twenty-one  years,  had  responded  iu 
the  hour  of  victory.  On  each  side  were  to  be  seen  emblems  of 
victories  that  were  won  fighting  against  France.  In  the  Arc  de 
Triomphe  were  to  be  seen  emblems  of  victories  which  France 
won  fighting  against  England.  In  all  those  long  years  of  strife 
he  thanked  God  that  it  could  be  said  ''  We  fought  like  gentle- 
men." We  learned  to  respect  each  other  more  and  more ;  and 
now  in  the  soil  of  France  there  lay  countless  dead,  French  and 
English,  linked  together  in  the  last  embrace  which  signalled  the 
eternal  unity  of  i^rance  and  England.  In  his  most  eloquent 
speech.  Sir  Auckland  Geddes  had  asked,  *'  How  shall  we  define 
peace  ?  "  It  was  difficult,  but  they  could  define  victory.  France 
and  England  knew  what  victory  meant.  They  had  had  their 
victories  one  over  the  other,  and  now  at  last  they  knew  what 
victory  meant  in  common.  In  the  new  era  which  the  Prince 
of  Wales  asked  them  to  signalise  that  day,  he  (General  Seely) 
thought  it  might  be  said  on  behalf  of  everyone  in  that  Hall,  that 
they  marched  forward  with  happy  hearts,  purified  by  the  sacri- 
fices they  had  gone  through,  knowing  that  they  had  done  their  best 
in  a  just  cause,  and  determined  that  France  and  England  should 
march  forward  for  ever  towards  the  light. 

1919— i.  2  R 
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Sir  ArI'hxjb  Duckham,  K.C.B.,  in  proposing  the  toast  of 
the  Iron  and  Steel  Institute,  said  that,  as  a  member  of  the 
Ministry  of  Munitions,  he  could  say  they  had  perhaps  received 
more  benefit  from  the  efforts  of  those  present  than  any  other 
Department  of  the  Government.  He  had  made  many  friends 
among  the  members  of  the  Iron  and  Steel  Institute,  whose  assist- 
ance was  beyond  all  pnoe  to  the  nation  during  the  war.  The 
most  wonderful  thing  in  connection  with  the  steel  production 
of  this  country  was  the  way  in  which  steel  manufacturers 
changed  from  one  kind  of  steel  to  another.  The  call  was 
for  very  special  steels  for  special  purposes  which  became  greateiQ 
as  man  power  decreased,  such  as  steel  for  shells,  aircraft,  and  so 
on.  In  the  year  1918  there  was  produced  nearly  1,000,000  tons 
of  shell  steel,  119,000  tons  of  steel  for  tanks,  and  170,000  tons  of 
steel  for  aircraft,  which  showed  the  magnitude  of  the  task.  There 
'were  also  all  the  many  new  makers  who  came  together  to  make 
this  new  steel,  who  were  assisted  by  those  who  already  knew  how 
to  make  steel.  Men  like  Sir  Bobert  Hadfield  and  SiiWUliam 
Beardmore,  like  their  President,  Mr.  Schneider,  gave  advice 
and  knowledge  to  those  new  makers  and  helped  them  in  every 
possible  way.  The  knowledge  possessed  by  the  steelmakers  of 
the  country  was  pooled,  as  it  was  pooled  by  all  the  contractors 
who  helped  the  Ministry  in  the  manufacture  of  munitions.  As 
the  months  went  by  the  task  became  more  and  more  difficult, 
because  there  was  a  call  for  better  classes  of  steel.  The  1  lb. 
per  horse-power  mentioned  by  General  Seely  was  very  nearly 
accompUshed  at  the  end  of  the  war.  He  (Sir  Arthur)  was 
certain  that  if  the  war  had  gone  on  for  a  little  longer  and 
the  industry  had  got  into  its  full  stride — because  it  had 
not  got  into  its  full  stride  at  the  time  of  the  Armistice — 
that  would  have  been  accomplished.  Another  most  wonderful 
thing  to  him  was  that  on  the  cessation  of  hostilities  the 
work  was  abruptly  stopped,  yet  the  conditions  attending  that 
stoppage  were  met  tmflinchingly.  Then  there  was  the  question 
of  shipbuilding.  Great  anxiety  was  felt  by  the  Cabinet  and  by 
the  Prime  Minister  lest  there  should  not  be  enough  ships  to  go 
round.  The  shipbuilders  called  out  for  more  steel — they  were 
very  short  at  one  time,  but  eventually  the  manufacturers  gave 
them  so  much  steel  that  they  were  forced  to  cry  "  Enough ! " 
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He  (Sir  Arthur)  had  heard  a  great  deal  lately  about  the  question 
of  nationalisation.  He  lived  in  an  atmosphere  of  nationalisa- 
tion all  day  and  all  night.  The  few  heads  of  the  remarks  he  was 
making  were  put  down  while  Mr.  Smillie  was  cross-examining 
the  Duke  of  Northumberland  at  the  Goal  Commission.  The 
question  of  nationalisation  was  a  serious  one.  It  was  a  question 
that  had  been  brought  forward  by  a  large  number  of  the  citizens 
of  Great  Britain,  and  it  could  not  be  ignored.  Sir  Auckland 
Geddes  had  said  he  beUeved  in  group  systems.  The  members 
of  the  Institute  would  have  to  come  together  in  group  systems 
and  forget  their  old  individual  and  insular  systems  of  working 
that  existed  before  the  war.  They  would  have  to  come  to  each 
other's  assistance  and  help..  It  was  stated  in  the  Beport  of  the 
Council  that  an  organisation  had  been  set  up  "whereby  steel- 
works and  their  laboratories,  the  various  universities  or  equivalent 
institutions,  as  well  as  commercial  laboratories  and  analysts  in 
various  centres  of  the  steel  industry,  would  collaborate  with  the 
National  Physical  Laboratory  in  the  preparation  of  standardised 
samples.*'  That  was  a  good  move,  but  was  it  enough  ?  It  only 
dealt  with  the  preparation  of  samples.  Could  they  not  inter- 
change ideas ;  could  they  not  cast  their  bread  upon  the  waters, 
as  Sir  Auckland  Geddes  said  ?  Something  of  that  nature  com- 
bined with  a  form  of  Whitley  Council,  and  also  with  another 
body  which  he  was  sure  certain  of  the  workers  would  appreciate 
more  than  anything  else,  a  Works  Committee — he  was  speaking 
with  knowledge,  because  he  was  connected  with  a  company  that 
ran  its  affairs  with  a  Works  Committee  and  found  it  of  the  greatest 
assistance  and  help — ^would  constitute  real  progress.  The  Works 
XJommittee  to  which  he  referred  passed  resolutions,  and  not  in  1 
per  cent,  of  the  cases  in  which  resolutions  had  been  passed  had 
it  been  necessary  for  the  management  or  directors  to  make  any 
movement  otherwise  than  in  accord  with  the  men.  If  the  members 
would  exchange  figures  of  costs  and  statistics  freely  and  fully, 
it  would  be  all  to  their  good.  In  America  more  than  in  Great 
Britain  greater  freedom  existed  in  the  exposition  of  ideas,  patents, 
and  so  on,  to  other  people.  He  believed  it  was  Benan  who  had 
said  that  what  made  a  nation  was  the  memory  of  the  great  things 
that  its  people  had  done  together,  and  the  will  that  they  had  to 
accomplish  others.    That  was  true  of  industry.    Their  industry 
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had  done  great  things  in  this  war  ;  it  had,  it  might  be  said,  won 
the  war,  because  without  it  it  would  have  been  impossible  to  have 
carried  on.  He  had  to  couple  with  that  toast  the  name  of  Sir 
William  Beardmore,  who  had  been  a  very  great  friend  to  the 
Government,  because  when  it  had  a  difficult  job  to  do  it  could 
always  rely  on  Sir  William  Beardmore  doing  it.  In  addition 
to  the  routine  work  of  peace  times,  which  were  manifold,  he 
cheerfully  tackled  the  building  of  Zeppelins  and  of  tanks,  and 
he  built  the  biggest  aeroplane  that  had  ever  been  built.  He 
succeeded  in  all  his  undertakings.  Before  the  war  Sir  William 
Beardmore  was  in  the  first  rank  ;  after  the  great  trials  that  had 
been  passed  through  he  still  remained  in  the  foremost  rank. 
He  (Sir  Arthur)  asked  them  to  honQur  the  toast  of  the  Iron  and 
Steel  Institute,  coupled  with  the  name  of  Sir  William  Beardmore. 

Sir  William  Beardmore,  Bart.  (Past-President),  thanked 
Sir  Arthur  Duckham  for  his  kindly  references  to  himself.  The 
Iron  and  Steel  Institute  was  founded  in  1869,  just  fifty  years 
ago.  Amongst  those  who  founded  it  were  Sir  Lowthian  Bell  and 
Sir  Henry  Bessemer.  The  Duke  of  Devonshire  was  the  first 
President,  and  filled  that  office  in  such  a  manner  that  he  stamped 
the  new  organisation  at  once  with  a  national  and  even  cosmo- 
politan character.  The  Institute  started  with  a  membership 
of  100 ;  it  had  now  over  2000  members.  In  1869  the  total 
quantity  of  pig  iron  produced  in  the  United  Kingdom  was 
5,500,000  tons ;  in  1918  it  was  lOJ  million  tons.  During  the 
war  it  fell  slightly,  owing  to  conditions  prevailing.  The  produc- 
tion of  steel  in  1869  was  215,000  tons  ;  in  1918  it  was  7,700,000 
tons.  To-day  steel  industry  stood  on  the  threshold  of  a  new  era. 
The  country  was  passing  through  a  crisis.  Some  people  were 
apprehensive ;  others  were  disturbed.  He,  personsJly,  was  no 
pessimist.  He  was  persuaded  that  the  good  sense  of  the  British 
working-man  would  in  the  long  run  assert  itself.  Never  in  the 
country's  industrial  life  had  the  employer  been  more  eager  to 
meet  the  just  claims  of  the  worker.  It  was  on  the  working- 
man  that  almost  solely  the  future  fortune  of  the  country  depended. 
In  the  case  of  the  steel  industry  that  feature  was  most  pronounced. 
Steel  was  the  greatest  necessity  of  commerce ;  into  the  cost  of 
its  manufacture  labour  entered  very  largely,  whether  in  respect 
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of  the  mining  of  coal  and  iron  or  in  the  melting  of  the  steel.  The 
employer  was  willing,  by  research  and  enterprise,  to  ensure  that 
the  best  mechanical  means  would  be  afforded  the  men  to  pro- 
duce goods  at  a  price  that  would  encourage  foreign  buyers. 
The  present  price  of  steel  was  three  times  higher  than  before  the 
war.  The  problem  was  to  bring  that  price  down,  while  giving 
the  worker  better  wages  and  a  better  time  generally.  It  can  be 
done  if  the  men  would  do  their  part,  would  work  loyally,  with 
vigour  and  with  confidence,  but  unless  they  could  beat  their 
competitors  in  price,  the  future  would  be  uncertain.  That  they 
could  do  so,  however,  he,  personally,  felt  certain. 

The  proceedings  then  terminated. 
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I.—OCCnBBENCE  AND  COMPOSITION. 

Formation  of  Ore  DepofitB.~-W.  H.  Goodchild  (Mining  Magazine, 
September  1918,  vol.  19,  No.  3,  pp.  135-144 ;  No.  4,  pp.  188-199) 
discusses  the  principles  of  the  segregation  of  ore  deposits  from  rock 
magmas,  introducing  several  new  factors  in  addition  to  those  already 
put  forward  by  geologists. 

J.  D.  Kendall  (Transactions  of  the  Canadian  Mining  Institute^ 
1918,  vol.  21,  pp.  293-421)  deals  at  length  with  the  formation  of  ore 
deposits,  and  discusses  the  classification  of  ore  deposits  and  sources 
of  ore. 


Iron  Ore  Resources  of  Oreat  Britain.-— The  Summary  of  Progress 
of  the  Geological  Survey  of  Great  Britain  for  the  year  1917  contains 
much  information  relating  to  work  done  by  the  Survey  in  connection 
with  the  ore  deposits  of  Great  Britain.  From  investigation  and 
information  obtainable  estimates  of  proved  and  probable  reserves  of 
iron  ore  have  been  made  and  are  given  in  the  report. 

The  iron  ore  resources  are  summarised  tinder  two  headings :  (a) 
reserves  more  or  less  developed,  and  (b)  probable  additional  reserves. 
The  figures  are : 

(a)  (6) 

Tonii.  TooBi 

Hiematites,  &c 42,600,000  75,000,000 

MeBozoioores 1,770,062,160  2,104,886,000 

day  irooBtonw  and  blaokbandfl  .         .        .     1,066,637,000  6,248,476,600 

Four-fifths  of  the  probable  additional  reserves  in  the  last  class  are 
credited  to  South  Wales  and  Monmouth. 


Iron  Ore  in  Canada. — ^E.  S.  Moore  (Bulletin  of  the  Canadian  Mining 
If^itute,  February  1919)  describes  the  iron  ore  deposits  on  the  Belcher 
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Islands,  in  Hudson  Bay.  The  result  of  the  author's  ezaioination  of 
these  deposits  show  that  they  are  too  lean  and  silicious  to  be  of  any 
commercial  importance. 

B.  C.  Campbell-Johnston  {Mining  Journal,  December  28,  1918, 
vol.  123,  pp.  760-761)  describes  the  occurrence  and  composition  of 
the  iron  ores  of  British  Columbia.  Numerous  deposits  of  magnetite 
and  hsBmatite  occur  along  the  coast  and  around  the  bays  of  Vancouver 
Island,  and  operations  are  about  to  be  undertaken  with  a  view  to  their 
development.  Analyses  of  various  samples  are  given,  the  following 
being  a  typical  one : 

FerroQB  oxide 28-01 

Ferrio  oxide 62*24 

Silica 6*10  * 

Alamina 0-36 

Lime 1-15 

MiigniMM 0^ 

Copper tnoe 

Snlpbnr (H)17 

Fhoephonu <H>16 

98-923 

Iron  Ore  in  Newfoundland.— H.  A.  Wilson  {Journal  of  the  West 
of  Scotland  Iron  and  Steel  Institute,  January  1919,  vol.  26,  pp.  50-65), 
in  discussing  the  position  of  the  Scottish  iron  and  steel  trade  in  relation 
to  basic  ore  supplies,  describes  the  important  iron  ore  deposits  of 
Newfoundland. 


Iron  Ore  in  Auitralia. — Particulars,  collected  from  official  sources, 
are  ^ven  {Mining  Magazine,  March  1919,  vol.  20,  No.  3,  pp.  150-156) 
relating  to  certain  iron  ore  deposits  in  Western  Australia,  New  South 
Wales,  and  Tasmania.  The  deposits  of  Western  Australia  fall  into  two 
main  classes  :  (1)  The  ores  associated  with  the  crystalline  schists  and 
other  allied  rocks.  (2)  The  superficial  deposits  of  limonite  which 
occupy  extensive  areas  in  many  and  widely  separated  portions  of  the 
State,  ai^d  the  soft  porous  deposits  of  bog  ore  of  comparatively  recent 
origin. 

The  ores  of  Class  (1)  are  by  far  the  most  important,  and  are 
largely  developed  in  the  Murchjson  district. 

The  most  important  deposit  in  Tasmania  is  situated  near  the 
Blythe  Biver,  in  the  north -western  part  of  the  island.  In  addition 
there  are  several  smaller  deposits,  partly  within  the  Dial  range,  in  the 
north-western  part,  and  partly  in  the  district  of  Beaconsfield  and 
Salisbury,  in  the  north-eastern  part  of  the  island. 

The  deposits  at  Carcoar  and  Cadia  are  regarded  as  the  most 
important  in  New  South  Wales.  The  Carcoar  ore  is  estimated  to 
contain  pn  the  average  about  53  per  cent,  iron,  10  per  cent,  silica,  and 
0'09  per  cent,  phosphorus. 
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E.  C.  Saint-Smith  {Queensland  Government  Mining  Journal^ 
Auguflt  1918)  reports  on  the  progress  of  the  geological  and  metaUiirgical 
investigations  in  connection  with  the  iron  ore  deposits  of  Queensland 
and  the  means  of  establishing  an  iron  and  steel  industry.  Details  are 
given  of  the  deposit!^  at  Biggenden  and  other  districts. 

Iron  Ore  in  Belgium. — E.  Eeilhack  {Oluckauf,  June  15,  1918, 
vol.  54,  pp.  373-377)  presents  a  study  of  the  iron  ore  deposits  in 
Campine,  in  northern  Belgium.  The  ore  consists  of  brown  hsematite 
and  bog  iron  ore,  and  a  map  shows  the  distribution  of  the  ore  bodies. 

Iron  Ore  in  Franoe. — A.  Bordeaux  ( Bulletin  de  la  Sodete  ie  V Industrie 
Min^ale,  1918,  Series  5,  vol.  14,  pp.  49-65)  gives  an  account  of  the  iron 
ore  deposits  of  Savoy.  Some  important  veins  occur  at  Allevard,  of  which 
the  largest,  at  La  Taillat,  extends  for  over  1000  metres  and  outcrops. 
This  ore  contains  32  per  cent,  of  iron  and  3  to  4  per  cent,  of  manganese 
and  is  spathic.  Other  deposits  exist  at  Chartreuse,  with  about  37  per 
cent,  of  iron.  Many  of  these  deposits  have  been  worked  for  years. 
Anthracite  deposits  are  also  found,  and  American  praotice  has  shown 
that  anthracite  can  be  satisfactorily  used  for  iron  smelting  in  the  blast- 
fumace«  The  percentage  of  manganese,  present  in  the  Savoy  ores 
shows  them  suitable  for  the  production  of  special  steels,  particularly 
by  electric  methods.  • 

A.  C.  Spencer  {Bulletin  of  the  American  Institute  of  Mining  Engineers, 
September  1918,  pp.  1485-1487)  discusses  the  iron  ore  resources  of 
France  other  than  those  of  Lorraine.  Early  estimates  placed  these 
resources  at  300,000,000  tons,  but  since  the  war  further  developments 
have  taken  place,and  a  German  estimate  recently  rated  French  resources 
(including  her  colonies)  at  10,000,000,000  tons,  which,  deducting  those  of 
French  Lorraine,  amounts  to  7,000,000,000  tons.  The  new  resources 
are  mainly  in  Normandy  and  Brittany,  but  the  estimates  given  above 
include,  of  course,  Algeria  and  Tunis.  Small  deposits  are  mined  over 
almost  every  part  of  France. 

The  iron  ores  of  Alsace-Lorraine  are  dealt  with  by  S.  Paige  {Ibid., 
pp.  1490-1496). 

The  Lorraine  Iron  Ore  Mines. — ^Details  are  given  of  the  ownership 
of  the  iron  ore  mines  in  Lorraine,  nearly  the  whole  of  the  iron  ore  area 
being  held  by  the  large  iron  and  steel  works  in  Qermany.  Statistics 
of  the  production  of  iron  ore  in  Lorraine  and  Luxembui^  since  the 
annexation  in  1871  are  also  given  {Iron  and  Coal  Trades  Review, 
November  8, 1918,  vol.  97,  p.  517). 

Iron  Ore  in  Germany.— P.  Erusch  {CflQckauf  April  27, 1918,  vol.  54, 
pp.  261-268)  describes  the  iron  ore  deposits  in  the  Bentheim-Oohtrup 
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basin.    Tlie  region  lies  west  of  Munster,  near  the  Dutch  frontier.    The 
ore  is  a  clay  ironstone  containing  on  an  average  : 

Par  Ont. 

Iran 88*42 

Manganese 0*19 

Lime 6*05 

Magnena 1*15 

Alumina 2'iO 

SiUoa 9*35 

Phosphonu 0*71 

Solphnr 0-32 

The  resources  are  considerable  and  form  an  important  reserve  for 
Germany. 

Iron  Ore  in  Holland. — Some  brief  particulars  are  given  {Iron  and 
Coal  Trades  Review,  April  4,  1919,  vol.  98,  p.  412)  relating  to  the 
occurrences  of  iron  ores  in  Holland.  Bog  ores  have  been  found  in  the 
provinces  of  Groningen,  Overyssel,  and  Gelderland,  along  the  German 
frontier,  generally  in  small  isolated  patches.  A  concession  was  granted 
in  1865  for  mining  a  spathic  iron  ore  in  Eastern  Holland,  but  was 
eventually  allowed  to  lapse  without  any  serious  work  having  been 
undertaken.  An  analysis  of  the  ore  showed  an  average  of  33*6  per 
cent,  iron  and  0*2  per  cent,  manganese,  and  0*6  per  cent,  phosphorus. 
In  Eastern  HoUand  the  deposits  forming  the  continuation  of  the 
northern  Grerman  field  of  Bentheim,  Ochtrup,  and  Gronau,  across  the 
border,  are  little  known  and  await  exploration. 

W.  H.  D.  de  Jongh  {De  Ingenimr,  August  24,  1918,  pp.  644-648) 
describes  the  occurrence  of  iron  ore  in  east  Holland.  The  deposit 
borders  on  and  is  a  continuation  of  the  Bentheim-Ochtrup  ore-field 
on  the  German  side  of  the  frontier. 

Iron  Ore  in  Scandinavia.— W.  lindgren  {Bulletin  of  the  American 
InstitfUe  of  Mining  Engineers,  September  1918,  pp.  1475-1479)  briefly 
reviews  the  iron  ore  resources  of  Sweden  and  Lapland.  South  central 
Sweden  furnishes  small  amounts  of  exceedingly  pure  and  valuable 
magnetites ;  the  ores  of  central  Sweden  are  hsematites,  and  the  reserves 
may  be  estimated  at  122,000,000  tons.  I^e  iron  ores  of  Lapland,  on 
the  other  hand,  may  be  estimated  at  1,150,000,000  tons,  mostly  high 
in  phosphorus.  In  Norway  the  Sydvarauger  and  the  Lofoten  deposits 
constitute  the  chief  sources  of  supply,  which  may  be  put  at  about 
218,000,000  tons. 

bon  Ore  in  Finland.— Measures  have  been  taken  for  the  exploita* 
tion  of  the  iron  ore  resources  of  Finland,  and  a  company,  the  Jussard 
Gmfva,  A.B.  (the  Jussard  Mining  Company,  Limited),  has  been  formed 
to  work  theiron  ore  deposits  on  the  island  of  Jussaro.  The  ore  resources 
are  estimated  at  36  million  tons,  and  it  is  expected  that  a  survey 
by  drilling  to  depth  will  reveal  more.    Another  company,  Vinlands 
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Malmundeisokning,  A.6.  (the  Finland  Ore  Exploration  Company), 
has  also  been  fonned.  The  £rm  of  Friedrich  Krupp  is  a  large  share- 
holder in  both  undejrtakings,  but  does  not  control  the  majority  of  the 
shares ;  the  share  capital  of  each  company  is  2,000,000  francs,  but 
it  can  be  increased  at  anytime  to.  6,000,000  without  alteration  of 
the  Articles  of  Association.  (StaU  und  Eisen,  October  10,  1918,  vol. 
38,  p.  948.) 

bon  Ore  in  Spitsbergen. — A  circular  and  pamphlet  have  been  issued 
by  the  Northern  Exploration  Company  describing  the  operations  of 
the  company  in  connection  with  the  Spitzbergen  mineral  deposit.  The 
Eecherche  Bay  iron  ore  deposit  as  examined  is  said  to  consist  of  many 
million  tons  of  very  rich  ore.  The  deposit  is  now  opened  up  about 
1100  feet  above  water-level,  and  the  outcrop  is  clearly  visible  on  the 
surface  much  higher  than  this  level  and  for  at  least  200  yards  below  it. 

Iron  Ore  in  China.— H.  Foster  Bain  {Bulletin  of  the  Ameriean 
Institute  of  Mining  Engineers,  September  1918,  pp.  1487-1490)  regards 
the  iron  ore  resources  of  China  as  overrated  and  considers  that  in  com- 
parison with  former  estimates  they  are  only  moderate,and  fixes  the  work- 
able deposits  at  about  400,000,000  tons.  All  the  deposits  belong  either 
to  the  Chinese  Grovemment  or  to  Chinese  or  Japanese  concessionaires  ; 
not  a  single  deposit  is  owned  by  nationals  of  any  other  country.  Five 
types  of  deposit  can  be  recognised :  (1)  Ancient  banded  deposits  of 
haematite  and  magnetite ;  (2)  sedimentary  carbonates  and  hssmatites  ; 
(3)  sedimentary  oolites  ;  (4)  contact  metamorphic  ores,  and  (5)  residual 
deposits.  As  an  example  of  the  way  estimates  have  to  be  revised  and 
reduced  the  case  of  the  Fu-Kien  deposits  is  cited.  These  deposits  have 
frequently  been  estimated  at  10,000,000  tons.  More  carefid  examina- 
tion has  reduced  this  to  a  maximum  of  2,000,000  to  2,500,000  tons, 
a  large  amount  of  black  porphyry  having  previously  been  confounded 
with  iron  ore.  Similarly  the  Tayeh  deposits,  once  estimated  at 
300,000,000  tons,  have  been  re-estimated  at  30  to  40  millions  of  tons 
of  workable  ore. 

Iron  Ore  in  Brazil. — E.  C.  Harder  {BuUetin  oftheAmerioan  Institute  of 
Mining  Engineers,  September  1918,  pp.  1471-1475)  points  out  that  the 
Brazilian  ore-fields  rank  amongst  the  six  great  ore-producing  regions  of 
the  world  (the  others  being  the  Lake  Superior  district,  the  Lorraine  ore- 
field.  Northern  Sweden,  Cuba,  and  the  Wabana  ore-field  of  Newfound- 
land), and  that  it  certainly  is  the  greatest  known  undeveloped  iroB  ore 
district.  The  hard  ores  carry  about  69  per  cent,  of  iron  and  generally 
less  than  0*02  per  cent,  phosphorus  ;  the  soft  ore  contains  60  to  68  per 
cent,  of  iron  and  0*01  to  0*07  per  cent,  of  phosphorus,  and  the  blanket 
surface  deposits  or  Canga  contain  65  per  cent,  of  iron  and  0*1  to  0-3  per 
cent,  of  phosphorus.    There  being  no  economic  deposits  of  coal  near 
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the  ores,  the  latt-er  will  plainly  have  to  be  exported,  but  doubts  exist 
as  to  whether  this  can  be  done  profitably. 

A  short  summary  is  given  of  a  report  by  F.  M.  de  Souza  Aguilar 
to  the  President  of  the  Republic  of  Brazil  on  the  composition  and 
resources  of  iron  ore  in  Brazil  and  the  locaUties  in  which  they  occur 
(Iron  and  Coal  Trades  Review,  October  4,  1918,  vol  97,  p.  381).  The 
report  was  published  some  years  ago. 

Iron  Ore  in  Cuba.— C.  M.  Weld  (Bulletin  of  the  American  Institute 
of  Mining  Engineers^  September  1918,  pp.  1479-1485)  briefly  describes 
the  iron  ore  resources  of  Cuba,  which  with  its  estimated  deposits  of 
3,000,000,000  tons  holds  a  very  important  place  in  the  world's  iron  ore 
supplies.  In  their  dried  condition  these  ores  represent  1,000,000,000  tons 
of  iron.  Hithertoonly  the  Mayari  deposits  have  been  worked.  The  high 
contents  of  alumina  and  chromium,  so  far  from  being  a  disadvantage, 
confer  peculiar  value  on  the  steel,  as  shown  by  the  duplex  process 
carried  out  at  Sparrows  Point,  Maryland,  where  the  ores  are  smelted. 
By  special  heat  treatment  the  steel  develops  valuable  tensile  and 
hardness  properties. 

Iron  Ore  in  Mezioo. — It  is  stated  by  the  Department  of  Communica- 
tions and  Public  Works  of  the  Mexican  Government  that  it  is  probable 
that  the  Iron  Mountain  at  Durango  will  soon  p^ss  into  the  control 
of  a  Japanese  syndicate.  The  iron-bearing  formation  rises  700  feet 
above  the  surface  of  the  level  plateau  outside  the  city.  The  estimated 
weight  of  the  mass  ore  above  the  surface  is  600,000,000  tons,  and  the 
ore  is  said  to  contain  60  to  67  per  cent,  of  iron.  The  deposit  extends 
to  an  unknown  depth  below  the  surface.  (Iron  Trade  Review, 
April  24,  1919,  vol.  64,  p.  1097.) 

Manganese  Ore  in  the  Ukraine.— K.  C.  Chlebnikow  (Zeitschrift 
far  praktische  Geologie,  June  1918,  pp.  89-92)  gives  an  account  of  the 
manganese  ore  deposits  in  the  Ukraine.  Manganese  ore  occurs  at 
Krivoi-Rog,  but  the  principal  occurrence  is  at  Nicopol  and  this  is 
fully  described. 

Manganese  Ore  in  Canada. — Kecent  discoveries  of  manganese  ore 
have  been  made  in  the  Cowichan  district,  Vancouver  Island  (Canadian 
Mining  Journal,  September  15,  1918, .vol.  39,  pp.  320-321).  Samples 
of  high-grade  ore  have  been  obtained  from  a  surface  exposure  measuring 
100  by  20  feet,  and  the  deposit  being  within  easy  reach  of  a  railway 
the  ore  is  immediately  available.  Analyses  show  46'20  per  cent, 
manganese,  26*92  silica,  0*064  phosphorus,  while  another  assay  gives 
54  per  cent,  manganese  and  18*4  silica  (Ibid.,  October  1, 1918,  p.  331). 

Manganese  Ore  in  United  States.— J.  T.  Pardee  and  H.  M.  Parks 
(Engineering  and  Mining  Journal,  November  16j  1918,  vol.  106,  pp. 
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872-^75)  give  a  brief  description  of  the  manganese  deposits  near  Lake 
Cieek,  Oregon.  The  deposits  are  confined  within  an  area  of  about 
150  square  miles  in  the  central  part  of  Jackson  County.  About  1500 
tons  of  ore,  containing  at  least  15  per  cent,  of  manganese,  is  in  sight. 
In  addition  it  is  indicated  that  at  least  four  acres  are  probably  underlain 
by  10  feet  of  ore  (about  120,000  tons)  containing  about  10  per  cent, 
manganese.  Manganese  mining  is  a  new  industry  in  the  Lake  Greek 
district,  actual  development  work  having  been  begun  late  in  1917. 
Since  October  of  that  year  the  Manganese  Metals  Company  has  carried 
out  operations  and  has  erected  a  concentration  mill  capable  of  treating 
20  tons  of  crude  ore  in  twenty-four  hours.  This  mill  has  been  in 
operation  intermittently  since  March  1918,  and  has  produced  con- 
centrates that  contained  an  average  of  about  45  per  cent,  manganese^ 
4  tons  of  crude  ore  yielding  1  ton  of  concentrates. 

M.Haney  (Iron  Age,  June  27, 1918,  vol.  101,  p.  1659)  describes  the 
manganese  ore  deposits  of  Nelson  County,  Virginia.  The  mines  were 
worked  formerly  but  abandoned  owing  to  competition  from  cheaper  and 
better  ore  from  India.  The  local  ore  occurs  in  pockets  near  the  surface 
as  nodules  in  layers  of  yellow  and  brown  clay.  It  is  mainly  granular 
pyrolusite  and  the  following  analybis  is  given  as  typical : 

Per  Gent. 

MungiwMWft  dioxide 90<4S 

Iron  Maquiozide 2*84 

Alumina 1*13 

lame 1*22 

Magnasift   . 2-28 

Silioa 1-12 

Manganese 57*16 

Iron 1-66 

PhosphoroB 0*188 

According  to  T.  Swann  (Paper  read  before  the  FouHh  NatiofuU  Ex- 
position of  Chemical  Industries,  September  27,  1918 ;  Chemical  and 
MetdUurgicdl  Engineering,  November  1, 1918,  vol.  19,  pp.  672-673)  the 
production  of  manganese  ore  in  the  United  States,  which  was  2635  tons 
in  1914,  rose  to  113,734  tons  in  1917,  and  by  July  1918  the  percentage 
of  metallic  manganese  made  from  domestic  ores  had  risen  to  47-9 
per  cent,  of  the  total.  There  are  numerous  deposits  of  manganese 
ore  too  high  in  silica  for  making  ferro-manganese  but  available  for 
making  silico-manganese|  and  increased  use  of  this  alloy  in  steel 
industry  should  liberate  a  considerable  tonnage  of  shipping  required 
at  present  to  import  the  deficiency  between  the  home  production  ot 
manganese  ores  and  the  home  requirements  of  ferro-manganese. 

The  problems  involved  in  the  concentration  and  utilisation  of 
domestic  low-grade  manganese  ore  in  the  United  States  are  discussed 
by  E.  Newton  (Bidletin  of  the  American  Institute  of  Mining  Engineers, 
February  1919,  pp.  379-389).  To  make  the  country  independent 
of  foreign  supplies,  the  leaner  ores  found  in  the  States  would  need  to 
be  concentrated  or  means  found  to  modify  steel-making  practice. 
The  annual  requirements  are  about  25,000  tons  of  high  grade  orB 
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for  dry  batteries  and  about  750,000  tons  in  steel  making,  every  ton  of 
steel  requiring  approximately  14  pounds  of  ore,  corresponding  with 
1*8  kilogrammes  of  manganese.  The  present  trade  description  of 
manganese  ore  is  ore  containing  over  35  per  cent,  of  manganese, 
manganiferous  iron  ore  containing  less.  Other  commercial  ores  are 
manganiferous  silver  and  lead  ore,  while  manganiferous  zinc  ore  yields 
a  certain  amount  of  residuum,  containing  manganese  and  iron  and 
resembling  manganiferous  iron  ore.  It  is  used  for  making  spiegel. 
The  effect  of  the  metals  frequently  associated  with  manganese  in  these 
ores  and  residues,  as  weU  as  that  of  silica  and  phosphorus,  is  discussed, 
and  the  various  operations  entailed  in  concentration,  to  render  them 
metallurgically  available  in  steel-making,  enumerated,  and  the  various 
commercial  considerations  to  be  borne  in  mind  are  briefly  detailed. 

Crystallography  ot  Manganese  Ores.— T.  L.  Watson  and  E.  T. 
Wherry  {Joy/mal  of  Washington  Academy  of  Sciences,  October  4,  1918, 
vol.  8,  No.  16,  pp.  550-560)  describe  the  character  of  the  manganese 
ores  mined  near  Woodstock,  Virginia.  Most  of  the  ore  examined 
was  crystalline  pyrolusite  developed  largely  by  replacement  of  quartz 
from  circulating  ground  waters,  but  partly  also  as  a  breccia-filling  or 
cement  and  partly  as  crusts  coating  joint  surfaces  in  the  rocks.  The 
crystallography  of  the  manganese  oxid^  minerals,  pyrolusite  and 
manganite,  is  especially  studied. 

Manganiferous  Iron  Ore  in  United  States.— E.  Newton  (Minnesota 
School  of  Mines  Experiment  Station,  1918,  Bulletin  Na  5)  has  made 
a  close  study  of  the  manganiferous  iron  ores  of  the  Ouyuna  range, 
Minnesota,  and  discusses  the  possibility  of  using  them  for  makmg 
f  erro-manganese . 

Manganese  Ore  in  Cuba. — ^Manganese  ore  occurs  in  several  provinces 
in  Cuba,  but  it  is  found  in  paying  quantity  only  near  Santiago  in  the 
province  of  Oriente  (Iron  Trade  Review,  November  28,  1918,  vol.  6ar, 
p.  1239).  The  reserves  are  estimated  at  about  700,000  tons.  The 
average  composition  of  the  ore  is  : 

Per  Cent 

Mangaimie 38-88 

Silica 1213 

FhosphoruB 0-08 

Moisture 1120 

Cbzomite  in  the  Shetlands.— A.  Russell  (Paper  read  before  the 
mineralogiccd  Society,  November  5, 1918)  describes  the  chromite  deposits 
in  the  Island  of  Unst,  Shetlands.  The  mass  of  serpentine  which  runs 
through  the  bland  from  north  to  south  contains  chromite  uniformly 
distributed  but  varying  greatly  in  character,  being  at  times  massive, 
but  generally  granular.  More  than  thirty  quarries  are  known,  but  only 
six  have  been  worked  to  any  extent. 
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Chiomite  in  Cuba. — All  the  deposits  of  chrome  ore  iu  Cuba  that 
have  attracted  attention  are  within  twenty-five  miles  of  the  north 
coast.  There  are  about  twelve  groups  of  deposits,  all  contained  in 
serpentinised  basic  rocks,  and  they  range  from  1  to  50  feet  in  depth, 
with  a  maximum  length  of  200  feet.  Analyses  of  the  ore  show  a 
maximum  of  43  per  cent,  chromium  in  some  small  deposits  in  the 
province  of  Havana.  The  largest  deposits  are  those  of  the  Cayoguan 
group,  averaging  38  to  40  per  cent,  chromium.  The  most  accessible 
are  the  deposits  near  Gamaguey,  but  the  ore  is  of  a  lower  grade 
with  from  33-7  to  36*3  per  cent,  chromium.  (Iron  Trade  itewctr, 
November  28, 1918,  vol.  63,  pp.  1238-1239.) 

Chrome  Sands  on  the  Paoiflo  Ooaflt.— J.  F.  Grugan  (Chemical  and 
Metallurgical  Engineering,  January  15,  1919,  vol.  20,  pp.  79-81)  points 
out  that  interest  in  the  chrome  sands  of  the  Pacific  Coast  is  reviving, 
and  that  if  prospective  undertakings  can  steer  clear  of  the  undesirable 
associations  hitherto  coupled  with  schemes  for  black  sands  mining 
useful  metallurgical  developments  may  be  expected  to  take  place. 
The  *'  Lagoon  Sands,"  not  far  from  Oregon,  contain  45  per  cent,  of 
chromite  and  would  lend  themselves  to  concentration  purposes.  The 
estimated  tonnage  of  the  '*  Lagoon  Sands  "  is  25,000  tons,  and  besides 
the  chromite,  the  garnet,  magnetite,  and  zircon  contents  possess  con- 
siderable economic  value. 

Chromite  and  Kickel  in  the  liAand  of  Cdebee.— It  is  reported  that 
deposits  of  chromite  have  been  found  on  the  north  of  MaUli  on  Lake 
Matana  in  the  Island  of  Celebes.  The  presence  of  nickel  ores  was 
also  reported  east  of  Melili  Kampong  and  elsewhere.  The  question 
of  mining  and  exporting  the  ores  is  being  studied  by  experts  of 
the  Dutch  Colonial  Government.  (Iron  and  Coal  Trades  Review , 
October  18,  1918,  vol.  97,  p.  454.) 

Nkd[el  Ore. — T.  G.  Trevor  (Soulh  African  Journal  of  Industries, 
November  1918 ;  Mining  Magazine,  February  1919,  vol.  20,  No,  2, 
pp.  120-123)  describes  the  nickel  deposits  in  South  Africa. 

Molybdenum. — S.  J.  Johnstone  (Jourvud  of  Society  of  Ch^nical 
Industry,  December  16,  1918,  vol.  37,  No.  23,  pp.  448-450  K.) 
enumerates  the  occurrences  of  molybdenite  within  the  British  Empire, 
giving  statistics  of  production  from  1913  to  1917.  The  largest  pro- 
ducing country  is  Canada,  from  whence  121  tons  of  MoS^  were  obtained 
in  1917.  Queensland  and  New  South  Wales  have  hitherto  been  ^he 
most  important  producers  in  the  world. 

The  progress  of  molybdenite  mining  in  Quebec,  which  is  the  great 
rival  producer  to  Qaeensland,  the  output  of  which  it  has  now  exceeded, 
is  noted  (Chemical  and  Metallurgical  Engineering,  November  1»  1918, 
vol.  19,  pp.  654-655).    It  is,  however,  in  Colorado  that  the  biggest  out- 
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puts  are  now  being  made,  extensive  deposits  being  mined  at  Climax, 
Summit  Cotmty.  The  market  is,  however,  a  very  uncertain  one  and 
exports  have  fallen,  which  suggests  that  the  use  of  molybdenum  in  steel 
alloys  is  being  discontinued,  or  that  supplies  are  available  from  else* 
where.  Various  reasons  for  this  are  given,  one  being  that  ignorance  as 
to  correct  heat  treatment  is  responsible  for  the  reduced  consumption 
of  the  metal. 

Oeneeis  of  TangBten  OreB.-~K.  H.  Rastall  {Geological  Magazine  ; 
Mining  Journal,  September  28,  October  5,  1918,  vol.  122,  pp.  564-565, 
581-582,  &c.)  summarises  the  knowledge  of  the  genesis,  mode  of 
occurrence,  and  mineral  associations  of  the  tungsten  ores.  Tungsten 
deposits  may  be  classed  under  four  headings  :  (a)  Primary  woliramite 
ores  with  cassiterite ;  (b)  primary  wolframite  ores  without  cassiterite ; 
(c)  primary  scheelite  ores ;  (d)  secondary  (detrital)  tungsten  deposits. 
Certain  minerals  almost  always  occur  in  association  with  wolframite 
and  cassiterite,  the  most  characteristic  among  the  sulphides  being 
arsenopyrite  and  molybdenite.  In  certain  localities  notable  amounts 
of  the  rarer  elements  are  associated  with  tungsten,  such  as  uranium 
in  Cornwall,  tantalum  and  niobium  in  Burma  and  at  Etta  Knob,  and 
bismuth  in  Queensland. 

Tungsten  Ore  in  Banna. — J.  M.  Campbell  {Mining  Magazine, 
February  1919,  vol.  20,  No.  2,  pp.  76-89)  discusses  at  length  the  origin 
of  the  wolfram  deposits  of  Tavoy,  in  Lower  Burma. 


IL—PREPABATION  OP  IBON  ORE. 

Calcining  Kilns. — An  illustrated  description  is  given  {Iron  and 
Coal  Trades  Review,  April  11, 1919,  vol.  98,  pp.  435-436)  of  the  calcining 
plant  at  the  Irthlingborough  mines  of  the  Ebbw  Vale  Steel,  Iron,  and 
Coal  Co.  There  are  sixteen  kilns  of  the  Gjers  type,  30  feet  in  height 
and  23  feet  diameter  inside  brickwork. 
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Ori^bite  in  Anitralia.— T.  Blatchford  {Western  Australia  Geologioal 
Survey,  1917,  Bulletin  No.  761)  describes  the  graphite  deposits  at 
Munglinup,  Euda  Division,  Western  Australia. 

gandf  for  Refractory  Porpotei.— P.  G.  H.  Boswell  has  drawn  up 
for  the  Ministry  of  Munitions  a  memoir  on  *'  British  Resources  of 
Befractory  Sands  "  (London,  1918,  Taylor  &  Francis). 

Oonstitaenti  of  Fiiedayi.— B.  E.  Somers  {Journal  of  Washington 
Academy  of  Sciences,  March  4,  1919,  vol.  9,  pp.  113-126)  reports  the 
results  of  a  microscopic  examination  of  clays,  made  to  determine  the 
minerals  contained  in  them.  Thin  sections  of  some  burned  samples 
were  studied  to  obtain  some  idea  of  the  changes  that  take  place  in 
burning.  The  examination  of  a  large  number  of  clays  from  various 
localities  showed  the  presence  of  kaolinite  and  hydromines  in  com- 
parative abundance..  Practically  every  clay  examined  contained  rutile 
in  some  amount.  Tourmaline  is  of  frequent  occurrence.  Epidote  is 
occasionally  seen,  and  zircon  and  titanite  are  common  though  not 
in  any  abundance. 

J.  A.  Howe  {Transactions  of  the  Ceramic  Society,  Session  1918-19, 
vol.  18,  Part  I.,  pp.  27-42)  furnishes  some  notes  on  the  silica  rocks, 
fireclays,  and  dolomite  in  South  Wales. 

Sources  and  Properties  of  Zirconia.— M.  A.  Granger  {Moniteur  Scienti- 
fique,  1919,  No.  925,  p.  5 ;  Chemical  News,  March  7,  1919,  vol.  118,  pp. 
115-118)  describes  the  nature,  sources,  and  use  of  zirconia,  and  gives 
a  table  showing  the  analysis  of  zircon  silicates  from  Ceylon,  Colorado, 
Norway,  Greenland,  and  Brazil.  The  deposits  of  the  latter  coimtry 
are  of  great  importance,  but  difficult  of  access.  Mineral  containing 
80  per  cent,  of  zirconia  is  at  present  valued  at  £30  per  ton.  Zirconia 
when  pure  is  one  of  the  most  refractory  substances  known,  with  a 
melting-point  of  about  3000^  C.  Its  thermal  conductivity  and  co- 
efficient of  distillation  are  also  very  low ;  it  can  therefore  withstand 
sudden  changes  of  temperature.  It  is  chemically  very  inert  and 
resists  many  chemical  reagents.  By  extracting  it  from  its  minerals 
vessels  of  great  chemical  value  such  as  crucibles  can  be  made. 
Methods  for  doing  this  are  described.  In  the  electric  furnace  zirconia 
is  transformed  into  carbide.  As  a  binding  material  starch  mixed 
with  gelatinous  hydrate  gives  good  results.    Besides  its  value  as  a 
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refractoTy,  ziiconia  is  of  use  as  an  opacifier  in  glass  and  enamels,  and 
as  an  abrasive. 

H.  C.  Meyer  {Transactions  of  the  Ceramic  Society ,  Session  1918-19» 
vol.  18,  Part  I.,  pp.  264-275)  discusses  the  occurrence  and  char- 
acteristics of  zirconia  and  its  applications  as  a  refractory  material. 

Fropertiei  and  Composition  of  Magnesite.— T.  Crook  (Trar^actions 
of  the  Ceramic  Society,  Session  1918-19,  vol.  18,  Part  I.,  pp.  67-147) 
outlines  the  history  of  the  application  of  magnesite,  its  uses  and 
occurrence.  From  the  economic  standpoint,  perhaps  the  best  way 
to  classify  magnesites  is  on  the  basis  of  texture  and  composition  as 
follows : 

1.  Spathic  breunnerite. 

2.  Spathic  magnesite. 

3.  Compact  magnesite. 

4.  Hydromagnesite. 

The  following  generalised  analyses  illustrate  the  chemical  differ- 
ences among  these  various  types  of  dressed  raw  magnesite  : 


Spathic 

BrenmiArite. 

Austria. 

Spathic 
Magnente. 

Qnebec, 
Norway,  and 
Washington. 

Per  Cent. 
38-47 
0  to  10 

Compact 
Magnesite. 

Qreece, 
India,  and 
CaUfomia. 



Hydro- 
Magnedte. 

Atlin. 

British 
Colnmbia. 

Per  Cent, 

38  to  44 

1  to3 

Per  Cent. 

47 

0  to  2 

Percent. 

42 

0to2 

2to7 

•  2 

1 

1 

1  to  6 
50 

1  to  3 
40  to  51 

1  to  3 
50 

I 

36 
10 

Magnet  . 

Lime 

Ferrous  oxide    i 

Alumina  j 

Silica 

Carbon  dioxide 

Water 


W.  Donald  {Transactions  of  the  Ceramic  Society,  Session  1917-18, 
vol.  17,  Part  II.,  pp.  486-661)  deals  with  the  sources  and  uses  of 
magnesites  for  the  manufacture  of  refractory  bricks,  and  the  structure, 
physical  properties,  and  general  requirements  of  such  bricks. 

Ctarbonmdimi. — S.  C.  Linbarger  {Chemical  and  Metallurgical 
Engineering,  September  27,  1918,  vol.  19,  pp.  489-491)  deals  with  the 
silicon  carbide  refractories  in  common  use.  The  latest  developments 
have  been  in  the  direction  of  securing  greater  thermal  conductivity, 
efficiency,  and  strength.  The  peculiar  and  valuable  properties  of 
crystallised  silicon  carbide  are  exemplified  by  the  two  leading  varieties, 
"  Refrax  "  and  "  SUfrax,**  in  which  the  crjrstallisation  of  the  aggregate 
is  large  and  small  respectively.  Another  variety,  *'  Carbofrax,"  used 
in  ceramic  industries,  is  made  by  bonding  graded  crystal  grains  with 
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special  refractory  clay.    The  mode  of  manufacturing  the  different 
grades  is  described. 

JDonmdom. — ^P.  A.  Wagner  {Sonlh  African  Journal  of  Industries ; 
Mining  Magazine,  September  1918,  vol.  19,  No.  3,  pp.  162-164)  describes 
the  occurrence  of  corundum  in  South  Africa. 

Standardisation  of  Refractory  Materials.— Part  II.  of  the  provisional 
specification  of  tests  for  refractory  materials  has  now  been  published 
by  the  Committee  of  the  Refractory  Materials  Section  of  the  Ceramic 
Society  (Meeting  at  Swansea,  October  1918).  For  Part  I.  and  reference 
to  the  Committee,  see  Journal  of  the  Iron  and  Sted  Insiitutey  1918, 
No.  II.  p.  89.  The  present  part  deals  with  the  grading  of  clays 
according  to  grain  size.  (Transactions  of  the  Ceramic  Society^  Session 
1918-19,  vol.  18,  Part  I.,  pp.  251-263.) 

A.  Malinovszky  (Chemical  and  Metallurgical  Engineering,  December  1 , 
1918,  vol.  19,  pp.  768-769)  makes  some  general  observations  on  the 
subject  of  refractory  products  and  the  conditions  with  which  they  arc 
expected  to  comply,  in  practice. 

Manufacture   of  Firebrieks  from   Non-plastio  MateriaL— G.   W. 

Mottram  (Transactions  of  the  Ceramic  Society,  Session  1918-19,  vol.  18, 
Part  I.,  pp.  148-153)  discusses  a  new  principle  vol  the  method  of  preparing 
materials  before  moulding  which  applies  equally  to  silica,  magnesite, 
chamotte,  and  all  classes  of  refractory  bricks  made  from  non-plastic 
bases.  It  may  be  assumed  that  the  average  percentage  of  calcined 
fireclay  or  grog  used  in  making  firebricks  is  15  per  cent.  Satisfactory 
results  were  obtained  with  90  per  cent,  grog  and  10  per  cent,  fireclay, 
when  the  raw  clay  was  ground  to  a  fine  slip  with  two  or  three  times 
its  weight  of  grog  and  the  resulting  mixture  afterwards  mixed  with 
the  remainder  of  the  ground  grog.  The  method  is  specially  applicable  to 
the  preparation  of  material  for  silica  bricks.  By  grinding  16  to  30  per 
cent,  of  the  material  with  lime,  clay,  or  other  binder  to  a  fine  slip  and 
adding  this  mixture  to  the  remainder  of  the  graded  silica  material, 
there  is  the  necessary  fine  material  to  fill  in  the  voids  and  the  binder  is 
brought  into  intimate  contact  with  every  particle  of  the  silica. 

Hanufactnre  of  Refractory  Materials  in  France.— The  stimulus  which 
the  manufacture  of  refractories  has  undergone  in  France  consequent 
on  the  war,  and  the  new  processes  and  methods  which  have  been  intro- 
duced in  that  country  in  order  to  cope  with  the  serious  shortage,  are 
described  and  illustrated  by  J.  Bied  (Chemie  et  Industrie,  1918,  vol.  1, 
pp.  579-601).  He  deals  with  the  raw  materials,  dolomite,  lime, 
magnesia,  and  silica  sand,  and  gives  analyses  of  these,  contrasting  them 
with  supplies  previously  obtained  from  Greece,  Styria,  and  Italy.  He 
also  gives  an  account  of  the  composition  and  modes]of  treating  the  home 
supplies,  including  refractory  clays  and  silica,  bauxite  and  chrome 
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refractories.    The  strength  of  these  materials  and  the  nature  of  the 
tests  with  which  they  should  be  capable  of  complying  are  also  discussed. 

Hannfacture  and  Testing  of  Silica  Bricks.— H.  Le  Chatelier  and 
B.  Bogitch  {Revue  de  MSuMurgiet  Memoires,  November-December  1918, 
vol.  15,  pp.  511-631)  deal  with  the  methods  and  appliances  employed  in 
the  testing  of  silica  bricks.  So  far  as  chemical  analysis  is  concerned 
fusion  methods  with  sodium  or  calcium  carbonate  are  not  suitable 
and  the  sulphuric  and  hydrofluoric  acid  process  can  alone  be  depended 
on.  The  powdered  sample  must  not  be  sifted  and  final  grinding  should 
be  accomplished  in  an  agate  mortar.  Evaporation  is  best  conducted 
over  an  Argand  burner,  which  can  be  more  easily  regulated  than  any 
other  mode  of  heating. 

The  density  of  a  good  silica  brick  should  not  vary  more  than  from 
2*3  to  24.  For  its  estimation  a  displacement  method  using  carbon 
tetrachloride,  benzene,  or  petrol  is  used.  The  readings  are  made  by 
means  of  a  magnify  ing-glass  carrying  a  vernier  ruling.  A  good  brick 
requires  likewise  to  be  well  and  strongly  made  and  hard  a;»  ordinary 
temperature^.  <Fhe  ordinary  crushing  tests  are  beyond  the  scope  of 
laboratory  appliances,  and  moreover  the  preparation  of  test  cubes  is  a 
laborious  process.  BrineU  tests  can  be  used  instead.  If  the  brick  be 
so  tender  and  brittle  as  to  break  under  the  ball  test  it  is  evidence  that 
it  is  useless  in  practice.  A  hand-screw  press  can  be  employed  giving 
about  500  kilogrammes  pressure,  or  a  modified  Guillery  machine.  The 
ball  impressions  may  be  rendered  more  distinct  and  striking  by  the 
interposition  of  a  sheet  of  thin  foil  between  the  brick  and  the  ball. 
The  modes  of  taking  dilatation  and  crushing  tests  are  described. 

A  translation  has  appeared  (BuUetin  of  the  American  InstUtUe  of 
Mining  Engineers,  September  1918,  pp.  1436-1462)  of  the  article  by 
H.  Le  Chatelier  and  B.  Bogitch  (Bulletin  de  la  SodiU  de  V Industrie 
Minerale,  1917,  series  6,  vol.  12,  pp.  49-72)  dealing  with  the  manufac- 
ture of  silica  brick. 

The  theory  and  practice  of  silica  brick  manufactures  are  discussed 
at  length  by  A.  Bigot  {Ghimie  et  Industrie,  December  1918,  vol.  1, 
pp.  712-726).  The  nature,  composition,  and  properties  of  the  raw 
material  are  described,  the  contributions  to  industry  derived  from  micro- 
graphic  investigations  and  the  study  of  physical  properties,  and  modern 
methods  of  manufacture  and  testing,  being  dealt  with  in  detail. 

A.  Bigot  {Transactions  of  the  Ceramic  Society,  Session  1918-19,  vol. 
18,  Part  L,  pp.  165-181)  presents  a  study  of  silica  products  directed  to 
determine  their  physical  properties.  The  author  describes  the  practice 
followed  by  him  in  the  grinding  of  the  rocks,  and  the  burning  of  the 
bricks.  From  certain  experiments  it  can  be  inferred  that  in  the  arches 
of  open-hearth  furnaces  two  new  materials  are  formed  :  a  brown 
product  and  a  grey  product,  of  which  the  crushing  resistance,  specially 
of  the  grey  part,  increases  in  such  a  degree  as  to  improve  the  strength 
of  the  original  product.    The  results  of  his  experiments  demonstrate 
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two  facts,  contrary  to  the  generally  accepted  opinions,  namely  :  (1) 
That  the  grey  parts  of  the  bricks,  which  contain  only  85  per  cent,  of 
silica  and  15  per  cent,  oi  foreign  matter,  are  as  refractory  as  products 
with  95  per  cent,  of  silica,  and  that,  thanka  to  their  low  porosity,  they 
are  far  superior  as  regards  crushing  resistance  at  all  temperatures. 
(2)  Though  it  is  admitted  that  an  excess  of  lime  and  iron  oxide  is 
detrimental,  and  that  together  they  should  not  exceed  3  to  4  per  cent, 
of  the  product,  the  proportion  of  these  two  constituents  in  the  grey 
part  of  the  bricks  varies  from  10  to  14  per  cent.  A  short  description 
of  Y.  Bodin's  method  of  testing  the  crushing  resistance  of  refractory 
materials  is  appended. 

The  manufacture  of  silica  brick  in  France  from  French  quarteites 
in  the  Loire  and  elsewhere  is  dealt  with  by  L.  Dauphin  {BuUetin 
de  la  Sooiete  de  UlnAustrie  MinSrale,  1918,  series  5,  vol.  13,  pp.  137-190). 
PhUipon  (Revue  de  M^taUurgie,  Mimoires,  November-December  1918, 
vol.  15,  pp.  487-^09)  describes  the  progress  of  silica  brick  manufacture 
in  France,which  resulted  from  the  crisis  in  refractory  material  supplies 
in  that  country  in  1915.  Before  that  date  little  silica  brick  was  made 
in  France,  supplies  being  mainly  obtained  from  Gennany .  The  German 
makers  claimed  that  only  very  special  grades  of  quartz,  treated  by 
equally  special  methods,  could  be  employed  for  making  reaUy  satis- 
factory silica  bricks,  whereas  tests  carried  out,  during  the  emergency, 
at  the  Dunes  works  of  the  Society  des  Acieries  de  Firminy  soon  showed 
that  many  kinds  of  quartz  could  be  used  for  the  purpose,  and  that 
the  manufacture  of  bricks  which  could,  for  the  most  part,  be 
advantageously  used  in  refractory  furnaces,  was  a  matter  which 
presented  very  little  real  difElculty.  The  materials  employed  in  the 
preliminary  experiments  included  lumpy  white  quartz  from  the  centre 
of  France,  quartz  from  Normandy,  sandstone  from  the  Fas  de  Calais, 
and  amorphous  siUca  from  the  department  of  Allier.  The  silica  in 
these  nmterials  ranged  from  97*2  to  97*6  per  cent.,  and  the  alumina 
varied  from  0'78  to  2-40  per  cent.  Having  formulated  the  require- 
ments in  a  good  silica  brick  experiments  were  then  undertaken  to  see 
how  far  these  materials  could  be  relied  upon  to  produce  them.  These 
comprised  investigations  on  the  influence  of  the  size  of  the  grains 
on  the  strength  of  the  bricks  and  on  their  dilatation  during  drying  and 
firing,  as  weU  as  that  of  the  amount  of  moisture  present  on  tbAt  property. 
The  efEect  of  the  presence  of  lime  on  the  strength  of  the  brioks  and  the 
nature  of  the  hardening  during  heating  were  also  studied.  It  was 
found  that  70  per  cent,  of  coarse-grain^  material  with  30  per  cent, 
of  impalpable  fines  made  the  best  mixture,  the  lime  added  being  0*6 
per  cent.  After  moulding  and  drying  the  bricks  were  fired  for  48 
hours  and  cooled  ofE  during  40  hours.  The  temperature  of  firing 
was  1300^,  which  corresponds  with  the  production  of  good  solid  bricls 
with  a  very  small  coal  consumption. 

Bied  {Comptes  Rendue,  May  13, 1918,  vol.  166,  pp.  776-778)  describes 
experiments  in  the  use  of  iron  pyrites  and  lime  as  binders  for  silica 


Digitized  by 


Googk 


BEFBAOTOBY  MATEBIALS. 


631 


bricks..  It  was  found  that  the  melting  point  of  silica  was  not  sensibly 
lowered  by  the  iron  oxide  in  the  presence  of  lime.  A  mixtuie  of 
ninety-one  parts  of  quartz  sand,  nine  of  roasted  pyrites,  and  four  of 
lime,  after  heating  for  one  hour  at  1500°  C,  showed  a  dilatation  of  3*8 
per  cent.  Another  mixture  in  which  the  lime  was  replaced  by  sodium 
silicate  began  to  vitrify  at  the  same  temperature.  A  mixture  of  one 
hundred  parts  of  quartz,  three  of  pyrites,  and  three  of  lime  fused  at 
1725°,  and  oQe  of  one  hundred  parts  of  quartz  and  two  of  lime  without 
pyrites  fused  at  1730°. 

R.  J.  Montgomery  (Iron  Trade  Review,  October  31,  1918,  vol.  63, 
pp.  1014-1016)  describes  the  manufacture  and  testing  of  silica  brick. 
The  refractoriness  depends  largely  on  the  ratio  between  alumina  and 
silica.  Results  are  given  of  cruslung,  porosity,  shrinkage,  and  expan- 
sion tests. 

"C.  S.  Graham  {Foundry  Trade  Journal,  January  1919,  vol.  21, 
pp.  42-44)  has  made  an  examination  of  a  silica  brick  taken  from  the 
transverse  centre  of  a  45'ton  open-hearth  furnace  after  135  charges. 
After  fracturing  the  brick  at  right  angles  to  the  exposed  face,  four 
distinct  zones  were  distinguished.  The  colour  of  the  zone  exposed 
directly  to  the  furnace  temperature  was  grey,  being  followed  by  a 
black,  a  yellow,  and  a  red  zone.  The  grey  and  black  zones  were 
divided  by  a  distinct  line  of  demarcation,  whilst  the  transition  of 
black  to  yellow  was  a  very  gradual  one.  From  yellow  to  red  there 
again  was  a  sudden  change,  ^er  removing  the  skin,  the  difierent  zones 
were  prepared  for  chemical  analysis  and  specific  gravity  determinations. 
Thin  transparent  sections  were  prepared  by  the  usual  petrological 
methods  for  detailed  examination  under  the  microscope .  The  chemical 
analysis,  specific  gravity,  and  porosity  of  an  unused  brick  from  the 
same  batch  and  of  the  four  different  zones  are  as  follows  : 
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All  the  zones  show  an  increase  in  the  ferrio  oxide  and  lime  contents 
and  the  porosity  falls  regularly.    The  felack  zone,  which  is  the  deepest, . 
has  the  lowest  silica  content,  and  is  highest  in  ferric  oxide  and  lime, 
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due  to  the  interpenetration  of  impurities,  but  proved  to  be  harder  and 
more  refractory  than  any  of  the  other  Isones. 

Basic  Refractories  in  Open-Hearth  Practice.— J.  S.  McDowell 
and  R.  M.  Howe  {BuUetin  of  the  American  Institute  oj  Mining 
Engineers,  February  1919,  pp.  291-309)  deal  with  the  preparation  and 
uses  of  basic  refractories  in  the  open-hearth  furnace.  Comparing 
low-  and  high-lime  magnesite  they  find  that  low-lime  n^agnesite  has 
less  tendency  to  slake,  higher  refractoriness  and  greater  resistance 
to  attack  by  firebrick,  silica  brick  and  corrosive  FeaP-FcjOs  mixture, 
than  high-lime  magnesite.  Of  dolomitic  materials  those  highest  in 
impurities  and  lowest  in  Ume  were  most  resistant  to  slaking,  while 
magnesites  are  more  resistant  than  dolomites  both  to  slaking  and  to 
corrosive  action.  The  refractory  values  are  ranged  in  the  following 
order :  A,  low-lime  magnesite  ;  B,  high-lime  magnesite  ;  C,  treated 
dolomite  ;  D,  calcined  dolomite  high  in  impurities  ;  E,  another  treated 
dolomite,  whose  properties  were  investigated,  and  sixthly,  F,  a  pure 
calcined  dolomite  low  in  impurities. 

Corrosive  Action  of  FLne-Dust  on  Firebri(da.— J.  W.  Mellor  and  W. 
Emery  {Transactions  of  the  Ceramic  Society,  Session  1918-19,  vol.  18,  Part 
I.,  pp.  230-250 ;  Iron  and  Coal  Trades  Revieiv,  October  25, 1918,  vol.  97, 
p.  460)  communicate  the  results  of  an  investigation  on  the  corrosive 
action  of  flue-dust  on  firebricks.  An  experimental  furnace  was  used 
in  which  bricks  could  be  exposed  to  the  action  of  flue-dust  at  high 
temperature  under  conditions  where  the  time  of  heating,  the  nature 
of  the  dust  and  its  speed,  and  the  atmosphere — oxidising  or  reducing — 
were  under  control.  It  was  attempted  to  treat  the  bricks  so  severely 
as  to  obtain  residts  in  a  few  hours  which  would  require  months  to 
obtain  in  industrial  furnaces.  The  types  of  dust  used  were  boiler 
flue-dusts,  deep  red-coloured  dust  from  the  top  of  the  retort  bench 
of  a  gasworks,  dust  from  the  slag  chamber  between  a  steel-melting 
furnace  and  regenerator,  dust  from  a  blast-furnace  stove,  red  haematite 
ore,  tap  cinder,  lime,  and  some  others.  Analyses  of  most  of  the  dusts 
are  given.  Two  kinds  of  typical  fireclay  bricks  and  three  kinds  of 
silica  brick  were  tested.  In  general  the  penetration  by  the  dust  is 
greater  in  fireclay  than  in  silica  brick.  In  most  cases  the  bond  is 
first  attacked  and  the  coarser  grains  last.  In  silica  bricks  the  depth 
of  penetration  by  the  dust  is  generally  less  the  finer  the  grain.  In  the 
fine-grained  brick  the  coarser  grains  and  the  bond  are  both  attacked, 
while  in  the  coarse-grained  brick  the  bond  alone  is  attacked.  It 
follows  that  the  bond  offers  the  feeblest  resistance  to  a  corrosive  slag. 
Under  oxidising  conditions  iron  oxide  does  not  greatly  corrode  silica 
bricks,  but  under  reducing  conditions  ferrous  silicate  forms  and  acts 
as  a  corrosive  flux.  The  dusts  apparently  exert  an  influence  on  the 
conversion  of  the  quartz  into  the  low  specific  gravity  forms  even  where 
the  coaree  grains  have  apparently  not  been  penetrated. 
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Influence  of  Slag  Temperature  on  Refractories.— E.  M.  Howe  (Blast- 
Furnace  and  Sled  Plant,  December  1918,  vol.  6,  pp.  484-485)  has 
carried  out  experiments  to  determine  the  action  of  various  slags  at 
different  temperatures  on  several  standard  brands  of  firebrick.  Among 
others,  blast-furnace  slag,  basic  open-hearth  and  acid  open-hearth 
slags  were  used.  The  test  bricks,  each  having  two  cavities  2|  inches 
diameter  by  ^  inch  depth,  were  heated  slowly  to  the  temperature  at  which 
the  test  was  to  be  made.  This  temperature  was  held  for  one  and  a 
half  hours.  Thirty-five  grammes  of  slag  were  then  introduced  and 
allowed  to  react  at  the  temperature  for  two  hours.  The  bricks  were 
then  allowed  to  cool  and  were  cut  through  the  centre  of  the  cavities. 
The  total  cross-section  of  the  slag-saturated  area  was  first  measured 
by  means  of  a  planimeter.  The  area  of  the  original  cavity  was  sub- 
tracted from  this,  the  difEerence  representing  the  area  of  the  section 
penetrated  by  the  slag.  This  area,  when  divided  by  the  linear  surface 
of  contact,  gave  a  value  representing  the  square  inches  of  slag  penetra- 
tion per  inch  of  contact : 

Fbnetration  of  35  grammes  of  slag  in  2  hrs.  =  0*64 

36        ..         „     „        4     „  =0-68 

36        „         .,     „        6     ,.  =0-84 

105         „         „     „        2     „  =0-76 


105 


>0-72 


Varying  the  brick,  the  slag,  and  the  temperature  one  at  a  time  the 
following  average  results  were  secured. 

Penetrating  power  of  blast-furnace  slag  (melting  point  1220^^  C.) 
in  square  inches  per  inch  of  contact : 


Brick. 

Tempeftituro  of  Test. 

1260°  C. 

1360^0. 

1460°  C. 

S5i  :    :    :    :    : 

TypeC 

0-03 
0-00 
0^ 

0-08 
Oil 
012 

0-14 
017 
017 

Penetration  of  open-hearth 
contact : 


slags  in  square  inches  per  inch  of 


! 

j 

1                         Briclc. 

Basio  0.  H.  Slag. 
Melting-point,  1276°. 
Temperature  of  Test. 

Acid  0.  H.  Slag. 
Melting-point,  1460°. 
Temperature  of  Test. 

1 

1360°  C. 

1460°  C. 

1460°  C. 

1 

\lyv^^ 

.^?:!  :    :    :    :    : 

! 

Ill 

0-73 
0-33 
0-66 

0*24 
0-33 
0-67 
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In  each  case  the  slag  penetrated  more  deeply  into  the  brick  at  higher 
temperatures.  In  several  cases  an  increase  of  100'^  C,  or  less  than 
10  per  cent.,  resulted  in  nearly  doubling  the  penetration.  The  increased 
penetration  afiepts  the  strength  of  the  brick  more  rapidly,  decreases 
the  refractoriness  of  the  brick  more  quickly,  and  accelerates  the  chemical 
action  of  the  charge  on  the  lining. 
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Pyrometry. — Temperature  standards  and  the  means  for  checking 
pyrometers  are  discussed  in  a  general  article  (Proceedings  of  the  Steel 
Treating  Research  Society,  1919,  vol.  2,  No.  1,  pp.  30-37).  Sources 
of  error  in  thermocouple  pyrometers,  methods  of  checking  thermo- 
couples, their  arrangement  in  the  furnace,  method  of  connecting  to 
the  potentiometer  and  correction  of  the  electromotive  force  by  refer- 
ence to  a  standard  cold  junction  temperature  are  briefly  dealt  with. 

B.  B.  Lincoln  {Proceedings  of  the  Sted  Treating  Research  Society, 
1918,  vol.  1,  No.  6,  pp.  18-24)  gives  a  note  on  construction  and  use 
of  thermo-electric  pyrometers. 

A.  Mahlke  (Stahl  und  Eisen,  November  7,  1918,  vol.  38,  pp.  1033- 
1038,  1057-1062,  1080-1086)  gives  a  general  review  of  the  present 
position  of  pyrometry  and  the  principles  of  construction  and  working 
of  modem  pyrometers. 

Fusing  Temperature  of  Ash.-— A.  C.  Fieldner,  A.  E.  Hall,  and  A.  L. 
Feild  {U.S.  Bureau  of  Mines,  1918,  Bulletin  No.  129)  have  made 
experiments  to  determine  the  fusibility  of  coal  ash  and  the  softening 
temperature  with  the  object  of  devising  standard  methods  for  obtain- 
ing comparable  results  at  different  laboratories.  As  a  safeguard 
against  clinker  troubles  it  is  proposed  to  draw  up  specifications  for 
the  purchase  of  coal,  to  include  the  softening  temperature  of  the  ash, 
and  it  is  necessary  in  the  first  place  to  devise  a  method  which  gives 
consistent  restdts.  As  a  result  of  the  study  a  practical  meth(>d  oi 
determining  fusibility  has  been  devised. 

W.  A.  Selvig  (Chemical  and  Metallurgical  Engineering,  December  15, 
1918,  vol.  19,  pp.  826-828)  deals  with  methods  for  ascertaining  the 
fusibility  of  coal  ash,  with  special  reference  to  the  coals  of  Western 
Virginia  but  generally  applicable  whenever  it  may,  for  economic  reasons. 
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be  advisable  to  detennine  bef oreliand  the  clinkeiing  and  other  qualities 
of  coal  ashes.  The  prepaiation  of  the  cones  used  in  making  comparative 
tests  and  the  apparatus  employed  are  described,  and  a  table  given 
showing  the  lowest  and  highest  softening  temperatures  for  a  number 
of  coals. 

Use  of  Pulverised  Ooal.— L.  C.  Harvey  has  published  the  result 
of  his  investigation  of  the  developments  in  the  use  of  pulverised  coal 
in  America  (Department  of  Scientific  and  Industrial  Research :  Fuel 
Research  Board,  1919.    Special  Report,  No.  1). 

L.  C.  Harvey  (Iron  and  Goal  Trades  Review,  March  21,  1919, 
vol.  98,  p.  357)  discusses  the  use  of  pulverised  fuel  in  puddling  furnaces. 

H.  B.  Collins  (BuUetin  of  the  American  Institute  of  Mining  Engineers, 
April  1918,  pp.  955-961)  describes  the  process  of  pulverising  coal  for  use 
in  furnaces  and  enumerates  the  advantages  of  its  application.  Fuels  low 
in  volatile  constituents  and  high  in  carbon  require  a  special  arrangement 
for  their  use  in  pidverised  form,  as  it  is  difficult  to  support  combustion 
unless  a  temperature  above  900*^  to  1000*^  F.  is  maintained.  The 
saving  of  cost  in  working  open-hearth  furnaces  with  pulverised  coal 
instead  of  producer-gas  is  put  at  30  to  40  per  cent. 

W.  G.  Wilcox  Cimerican  Drop  Forger,  December  1918,  vol.  4, 
pp.  492-494)  gives  notes  on  the  burning  of  pulverised  coal  and  the 
method  of  projecting  it  into  the  furnace. 

W.  G.  Wilcox  (Chemical  and  Metallurgical  Engineering,  July  1, 1918, 
vol.  19,  pp.  35-40)  deals  with  the  possibilities  of  powdered  coal  with 
special  reference  to  American  practice,  and  discusses  the  economy 
resulting  from  the  use  of  pulverised  fuel  and  the  other  advantages  which 
may  accrue  to  industry  in  general  and  metallurgy  in  particular  by 
its  adoption. 

The  Buell'Santmyer  system  of  using  pulverised  lignite  for  steam- 
raising  purposes  is  described  and  illustrated  (Mining  and  ScierUific 
Press,  February  15,  ,1919). 

Colloidal  FaeL — The  Submarine  Defence  Association,  New  York, 
has  published  (Iron  and  Coal  Trades  Review,  April  18,  1919,  voL  98, 
p .  475)  particulars  of  the  new  colloidal  fuels  developed  under  its  auspices. 
In  malang  an  oil  and  coal  mixture  an  insuperable  difficulty  heretofore 
has  been  the  persistent  settling  out  of  the  heavy  coal  and  •tar  particles. 
At  the  present  time,  however,  it  is  possible  to  suspend  for  months  in 
oil  30  per  cent,  to  40  per  cent,  of  coal,  pulverised  so  that  about  95 
per  cent,  passes  through  a  200-mesh  screen,  assisting  the  suspension 
with  a  special  fixer ;  and  it  is  now  possible  to  combine  in  a  stable 
liquid  fuel  about  45  per  cent,  oil,  20  per  cent,  tar,  and  35  per  cent, 
pulverised  coal,  thereby  replacing  over  one  half  of  the  oil. 

Combnstion  of  Lignite.— H.  Ereisingery  C.  B.  Augustine,  and  W.  C. 
Harpster  (United  States  Bureau  of  Mines,   1919,  Technical  Paper 


Digitized  by 


Googk 


FUHL.  687 

207)  give  the  lesultB  of  combuBtion  ezpeiiments  with  North  Dakota 
lignite.  Two  foims  of  lignite  were  used — ^natural  lignite  as  mined 
and  the  carbonised  residue  from  gas  retorts.  The  tests  were  made  by 
burning  the  fuels  at  various  rates  in  experimental  furnaces  and  by 
studying  the  processes  of  combustion.  The  experiments  indicate 
that  the  lignit  j  and  its  carbonised  residue  might  be  burned  successfully 
on  an  inclined  step  grate  with  an  arch  extending  from  the  bridge- 
wall  over  almost  the  entire  length  of  the  grate.  The  arch  turns  the 
flames  and  the  hot  gases  back  over  the  incoming  fuel,  thus  aiding 
ignition.  It  also  directs  air  admitted  at  the  bridgewall  against  the 
tuel  bed  and  increases  the  rate  of  combustion. 

UtOiBation  of  Waste  Heat— An  illustrated  description  is  published 
(Iron  and  Coal  Trades  Review,  November  22,  1918,  vol.  97,  p.  580)  of 
the  Brett  system  of  raising  steam  by  utilising  the  waste  heat  from  coal 
and  oil-fired  furnaces.  Sufficient  steam  is  maintained,  by  using  the 
waste  heat  of  two  coal-fired  furnaces  for  heating  steel  billets,  to  work  a 
battery  of  nine  drop-hammers.  The  application  of  the  boilers  does 
not  necessitate  the  consumption  of  any  extra  fuel  in  the  furnaces. 

Pad  Economy. — 0.  Duperron  {Oinie  Civil,  November  16,  23,  1918, 
vol.  73,  pp.  387-389,  404-407)  outlines  a  general  scheme  for  econo- 
mising as  far  as  possible  the  consumption  of  fuel  in  iron  and  steel 
works  by  the  introduction  of  the  use  of  pulverised  coal,  the  extension 
of  the  use  of  compressed  air,  the  installation  of  recuperative  reheat- 
ing furnaces,  and  by  the  extended  use  of  waste  gases  and  producer-gas. 

J.  B.  C.  Kershaw  (Chemical  and  MeUMurgical  Engineering,  February 
15,  March  1,  1919,  vol.  20,  pp.  176-178,  241-245)  reviews  the  whole 
question  of  coal  economy  from  the  standpoint  of  boiler-house  practice. 
The  systematic  testing  of  all  waste  gases  and  the  use  of  automatic  gas- 
testing  apparatus  are  advocated,  and  descriptions  are  given,  in  this 
connection,  of  CO2  recording  appliances  such  as  the  Sarco,  Uehling, 
Simmance  and  Abady,  Cambridge  bi-meter  and  auto-  and  mono- 
recording  instruments. 

A  report  has  been  published  (Illinois  University :  Engineering 
Experiment  Station,  1918,  Circular  No.  8)  dealing  with  the  economical 
use  of  coal  in  railway  locomotives. 


II.— CO^L. 

Compoiition  o£  Coal.— M.  C.  Stopes  (Paper  read  before  the  Royal 
Society,  .December  12,  1918)  discusses  the  composition  of  banded 
bituminous  coal.  Four  differing  substances  or  constituents  compose 
such  coal,  namely,  fusain  (mineral  charcoal),  durain,  clarain,  and 
vitrain,  the  three  latter  names  being  given  for  the  first  time.    These 
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aie  recognisable  by  differences  in  tbeir  macroscopic  appearance  and 
texture,  by  their  different  bebaviour  when  treated  with  difierent 
chemicak,  by  differences  in  the  debris  of  each,  left  over  from  their  treat- 
ment with  chemicak,  and  by  the  differences  in  microscopic  sections  of 
untreated  samples  of  each.  . 

Oxidation  of  Ck>aL— R.  V.  Wheeler  {Transactions  of  the  Chemical 

Society,  December  1918,  vol.  113,  pp.  945-955)  gives  an  account  o! 
work  carried  out  for  the  Mining  Association  of  Great  Britain  and  at 
the  Homfe  Office  Experimental  Station,  on  the  oxidation  and  ignition 
of  coal.  The  results,  which  are  fully  reported,  largely  confirm  the 
observations  of  earlier  investigators. 

Gtoology  of  the  Lancashire  Ck)al-Field. — Hickling  (Paper  before  the 
Manchester  Geological  and  Mining  Society,  February  4,  1919  ;  CoUiery 
Guardian,  vol.  117,  February  14,  1919,  pp.  363-364)  describes  the 
results  of  his  research  work  on  the  geology  of  the  Lancashire  coal-fields. 

Cannel  Coal. — Sir  A.  Strahan  {Memoirs  of  the  Geological  Survey  ; 
Special  Reports  on  the  Mineral  Resources  of  Great  Britain,  1918,  vol.  7, 
Part  I.,  pp.  46-58)  describes  the  occurrences  of  cannel  coal  in  the 
United  Kingdom. 

Lignite  in  England. — Sir  A.  Strahan  (Memoirs  of  the  Geological 
Survey  ;  Special  Reports  on  the  Mineral  Resources  of  Great  Britain,  1918, 
vol.  7,  Part  I.,  pp.  1-23)  describes  the  occurrences  of  lignite  in  Great 
Britain.  Lignite  rarely  occurs  in  this  country  in  sufficient  development 
to  be  mined.  Lignite  from  the  clay-pits  near  Corfe  Castle  has  been  used 
as  fuel  by  the  workpeople,  and  a  trivial  amount  of  lignite  has  been  dug 
from  some  seams  in  the  Bracklesham  Beds  in  the  Isle  of  Wight.  In 
the  Tertiary  beds  of  Bovey  Tracey  in  Devonshire,  lignite  attains  a 
greater  development  than  in  any  other  locality  in  Great  Britain,  and 
has  there  been  used  as  a  fuel  since  the  early  part  of  the  eighteenth 
century,  chiefly  for  domestic  purposes,  but  also  to  some  extent  in  the 
adjoining  potteries.  The  result  of  analyses  of  samples  of  Bovey 
Tracey  lignite,  taken  from  different  portions  of  the  beds,  was  as  follows  : 

Ugmto  from  Lignite 

Moiflturo 1^*68  22-97 

Aah       .         .         .                  ....  6-86  10-80 

Coke 42-60  41-90 

Sulphur 217  2-96 

Fixed  carbon 35-45  35-13 

VolatUe  matter 42-92  36-13 

B.Th.U.  (per  lb.)  10.534  8,393 

Coal  in  Kent.— A.   E.   Ritchie   (Iron  and  Coal   Trades    Review, 
1919,  vol.  98,  pp.  35-36,  6^70,  97-98.  172-173,  230-231,  267-268, 
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28d-290,  &c.)  describes  the  evolution  and  development  of  the  Kent 
coal-field. 

Ck>ldng  Ck>al  in  Scotland. — The  results  of  an  investigation  as  to 
coking  coal  in  Scotland  has  been  presented  to  the  Ministry  of  Munitions. 
The  report  contains  tables  of  analyses,  prepared  by  T.  Gray,  of  coals 
in  Scotland  and  also  analyses  of  coke. 

Goal  in  Poland.— J.  Patrzek  {Gluokauf,  May  25,  1918,  vol.  54, 
pp.  325-330),  in  a  general  review  of  the  mining  and  metallurgical 
industries  of  the  Dombrowa  district  of  Poland,  shows  a  map  of  the 
coal-fields  of  that  region,  with  a  list  of  the  companies  owning  and 
working  the  coal.  The  ownership  is  chiefly  French-Polish.  The  total 
output  of  coal  was  about  7  million  tons  in  1913.  The  coals  are  non- 
caking  and  can  only  be  used  in  the  raw  state  as  fuel. 

Ck>al  in  Burma. — Sir  H.  Adamson  {BuUetin  of  the  Imperial  Institute, 
January-March  1918,  vol.  16,  pp.  40-79)  describes  the  mineral 
resources  of  Burma.  Coal  is  found  at  Thayetmyo,  Upper  Chindwin, 
Shwebo,  and  Mergui  districts,  and  in  the  Shan  States.  The  only 
important  attempt  to  extract  coal  was  made  in  1891  in  the  Shwebo 
district.  The  coal  was  of  poor  quality  and  eventually  the  mine  closed 
down.  Upper  Chindwin  coal  is  of  good  quality,  but  the  fields  are 
inaccessible.  The  amount  of  coal  available  in  the  Chindwin  field  is 
estimated  at  105  million  tons. 

Lignite  in 'Asia  Minor.— W.  Wolfl  {ZeUschrift  fur  praktiscJie  Oeologie, 
May  1918,  pp.  73-75)  describes  the  t>Gcurrenoe  of  lignite  in  Cilicia. 
Bituminous  deposits  and  seams  of  lignite  are  found  on  the  southern 
slopes  of  the  Taurus  Mountains,  but  their  economic  value  is  doubtful. 
The  most  important  deposit  is  the  bituminous  coal-field  of  Nemrun, 
forming  a  shallow  basin  of  an  area  of  about  4  square  kilometres. 
The  average  thickness  of  the  bed  is  about  20  inches. 

lignite  in  the  United  State8.-<S.  M.  Dariing  (United  States  Bureau 
of  Mines,  1919,  Technical  Paper  178)  deals  with  the  characteristics 
and  utilisation  of  lignite  in  the  United  States.  By-products  from 
lignite  are  obtained  in  the  form  of  gas,  ammonia,  oils,  and  tar.  The 
gas  yield  is  upward  of  10,000  cubic  feet  per  ton  of  lignite,  and  the  gas 
has  a  heating  value  of  400  to  450  B.Th.U.  per  cubic  foot.  The  ammonia 
is  contained  in  the  gas  and  gas  water;  it  may  be  recovered  as 
ammonium  sulphate — ^a  valuable  fertiliser — as  anhydrous  ammonia 
for  refrigeration  purposes,  or  it  may  be  treated  as  a  source  of  other 
nitrogen  products. 
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III.— COZE. 


Hoistnre  in  Coke.— A.  C.  Fieldner  and  W.  A.  Selvig  (UnUed  States 
Bureau  of  Mines,  1917,  Technical  Paper  148),  in  their  investigations  on 
the  determination  of  moisture  in  coke,  state  that  the  influence  of  tem- 
perature, time,  humidity,  of  drying  atmosphere,  and  fineness  of  sample 
on  the  determination  of  moisture  may  be  varied  over  a  considerable 
range  without  afEecting  the  result  appreciably.  Oven  temperatures 
ranging  from  105^  to  200°  C.  produced  a  maximum  variation  in  moisture 
of  not  exceeding  0-3  per  cent.  Coke  can  be  dried  to  "  constant  weight  " 
without  the  usually  specified  preliminary  air-drying.  The  circulation 
of  air  dried  by  sulphuric  acid,  through  the  oven  atmosphere,  as 
specified  for  coal  analysis,  is  unnecessary  in  the  case  of  coke  analysis, 
there  being  no  measurable  difference  of  results  between  circulating 
perfectly  dry  air  through  the  oven  and  using  in  the  oven  the  natural 
air  from  the  room.  Moisture  can  be  determined  quickly  and  with 
adequate  accuracy  (dz  0-5  per  cent.)  by  simply  heating  to  constant 
weight  a  large  sample  of .  lump  coke,  in  any  convenient  oven,  at  a 
temperature  of  100°  to  200°  C.  Because  of  its  simplicity  and  flexibility 
this  method  may  be  used  advantageously  at  points  where  coke  con- 
signments are  sampled. 

Coke-Oven  Practice. — W.  Colquhoun  (Transactions  of  the  Institution 
of  Mining  Engineers,  October  1918,  vol.  66,  pp.  61-79)  presents  some 
economic  considerations  in  coke-oven  practice .  Bee-hive  ovens  survive, 
for  the  reason  that  they  may  be  started  with  little  preparation  and 
cost  when  the  market  is  favourable  and  can  be  shut  down  in  lees  favour- 
able times,  whereas  a  by-product  plant  must  be  operated  continuous!^, 
especially  if  linked  up  with  works  for  purposes  of  power  supjdy. 
Calculations  are  given  as  to  the  savbg  by  the  use  of  surplus  gas 
from  regenerative  and  waste-heat  ovens  for  the  generation  of  power 
and  heating,  with  notes  on  by-product  oven  practice  generally. 

D.  Paton  {Paper  read  before  the  Manchester  Geological  and  Mining 
Society,  April  8,  1919 ;  Iron  and  Goal  Trades  Review,  April  18,  1919. 
vol.  98,  pp.  470-471)  deals  with  utilisation  of  coal  for  coking  and 
by-product  recovery. 

Low  Temperature  Carbonisation  of  CoaL— W.  Savage  (Chemical 
and  Metallurgical  Engineering,  October  1,  1918,  vol.  19,  pp.  579-^2) 
deals  with  recent  progress  in  coal  utilisation  and  economy.  The  coalite 
process  and  the  Smith  carbonised  semi-coke  briquette  process  are 
described.  The  latter  is  not  only  highly  efficient  but  gives  high-grade 
recovery  products  of  much  economic  value.  The  briquettes  are  now 
marketed  under  the  name  of  "  Garbocoal  '*  in  America. 

F.  D.  Marshall  (Iron  and  Coal  Trades  Review,  February  28,  1919, 
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vol.  98,  pp.  251-254)  deals  with  low-temperature  carbonisation  in 
relation  to  the  production  of  motor  spirit,  fuel  oils,  smokeless  fuel,  and 
power  gas.  He  describes  the  Tozer  retort,  which  will  deal  with  practi- 
cally every  description  of  carbonaceous  material,  caking  and  non- 
caking  coab,  shales,  lignites,  and  peat  in  every  physical  condition,  from 
3  inches  down  to  dust,  and  will  carbonise  and  produce  coke  from  colliery 
sludge  or  washings. 

G.  W.  Traer  (Bulletin  of  the  American  Institute  of  Mining  Engineers, 
September  1918,  pp.  1463-1470)  deals  with  the  distillation  of  Illinois  and 
Indiana  coals,  and  discusses  the  relative  advantages  of  high  and  low 
temperature  distillation.  With  a  low  temperature  distillation  plant  such 
coals  will  yield  12  to  15  per  cent,  more  semi-coke,  and  double  the 
amount  of  tar  and  oil,  the  value  of  which  is  likewise  higher  per  gallon  ; 
on  the  other  hand,  high  temperature  processes  yield  several  times  as 
much  gas  and  rather  more  ammonia. 

Coke  By-Produots. — Modem  methods  of  coke-making  and  by- 
product recovery  plant  and  practice  are  discussed  and  illustrated  by 
C.  Berthelot  (Ghimie  et  Industrie,  October,  November  1918,  vol.  1,  pp. 
471-480  and  601-617)  with  special  reference  to  recent  developments  in 
France  during  the  war,  and  to  future  economic  requirements.  The 
methods  employed  for  the  recovery  of  sulphate  of  ammonia,  tar,  and 
benzol  at  the  Meons  plant  of  the  Saint  Etienne  Coal  Company  are 
described  in  detail,  diagrams  being  given  showing  schematically  the 
process  and  the  appliances  used. 

The  theory  and  practice  of  the  recovery  of  volatile  constituents  by 
simple  condensation,  and  by  open  and  closed  recovery  processes,  are 
dealt  with  by  Ponchon  (Ibid,,  October  1918,  pp.  481-491). 

Ck>ke-Oven  Qas. — R.  V.  Hollingworth  (Iron  and  Coal  Trades  Review, 
April  4,  1919,  vol.  98,  p.  410)  deals  with  the  supply  of  coke-oven  gas 
for  town  purposes. 

Apparatus  for  Testing  Tar. — An  apparatus  that  affords  a  simple 
and  reliable  means  of  testing  the  visco^ty  and  consistency  of  tars  is 
described  (Iron  and  Coal  Trades  R&oiew,  April  18, 1918,  vol.  98,  p.  460). 

Reinforced  Concrete  for  Storage  Tanks.— F.  W.  Frerichs  (Chemical 
and  Metallurgical  Er^ineering,  March  1, 1919,  vol.  20,  pp.  234-236)  gives 
an  illustrated  description  of  three  large  storage  tanks,  35  feet  inside 
diameter  and  26  feet  deep,  for  the  storage  of  ammoniacal  liquors.  The 
walls  are  7  inches  thick.  The  capacity  of  each  tank  is  about  185,000 
gallons,  and  they  have  been  found  quite  tight  and  serviceable  in 
practice. 

• 

Ocddng  of  Peat.— H.  Holm  has  patented  a  retort  and  process  for 
coking  peat  at  low  temperature  (Echo  des  Mines,  February  9, 1919, 
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vol.  47,  p.  87).  The  temperature  of  carbonisation  is  about  250®  C,  and 
the  gases,  after  the  removal  of  the  products  of  distillation,  are  used  for 
heating  the  retort  and  also  for  drying  the  wet  peat  prior  to  charging. 
The  resulting  coke  is  hard  and  compact. 


lY.— LIQUID  FUEL. 

Search  for  Petroleum  in  the  United  Kingdom.— T.  Sington  {Iran 
and  Coal  Trades  Review,  October  18,  December  27,  1918,  vol.  97,  pp. 
427-428,  724)  refers  to  the  exploratory  work  in  the  Derbyshire  coal- 
field with  the  object  of  discovering  petroleima.  The  prospects  of 
finding  accumulations  of  oil  are  discussed,  and  it  is  considered  unlikely 
that  liquid  oil  exists  in  commercial  quantity. 

It  is  reported  (Iron  and  Coal  Trades  Review,  June  13,  1919,  vol.  98, 
p.  828)  that  drilling  at  Hardstoft  has  revealed  an  overflow  of  oil.  It 
IS  a  true  paraffin  base  oil  of  very  high  quality,  with  10  per  cent,  petrol 
and  40  per  cent,  kerosene. 

Boring  for  oil,  in  connection  with  the  Government  scheme,  is  pro- 
ceeding in  two  parts  of  the  North  Staffordshire  coal-field — at  Apedale 
and  at  Werrington.  Considerable  work  has  yet  to  be  done  before 
the  decisive  stage  can  be  Reached,  and  before  proof  of  the  existence 
or  non-existence  of  oil  can  be  forthcoming  (Ibid.,  June  20,  1919, 
p.  847). 

Sir  A.  Strahan  {Memoirs  of  the  Geological  Survey :  Special  Reports 
on  the  Mineral  Resources  of  Great  Britain,  vol.  7,  Part  I.,  pp.  41-46) 
describes  the  occurrences  of  mineral  oil  in  the  United  Kingdom.  There 
are  many  records  of  the  occurrence  of  mineral  oil  in  this  country,  but 
the  importance  attached  to  them  has  been  out  of  proportion  to  the 
quantity  of  oil  obtained  or  the  permanence  of  the  supply. 

Kimmeridge  Oil  Shale. — Sir  A.  Strahan  {Memoirs  of  the  Geohgiodl 
Survey :  Special  Reports  on  the  Mineral  Resources  of  Great  BrUain, 
1918,  vol.  7,  Part  I.,  pp.  «4-45)  describes  the  distribution  and 
characteristics  of  Kimmeridge  oil  shale.  It  has  been  known  for 
centuries  that  the  Kimmeridge  clay  contains  bands  of  inflammable 
shale  in  Dorset,  and  for  many  years  that  similar  material  exists  in 
Norfolk,  Lincolnshire,  and  Yorkshire.  Until  lately,  however,  no 
attempt  had  been  made  to  utilise  the  material  except  in  Dorset,  where 
a  band  known  as  the  Blackstone  or  "  Kimmeridge  Coal "  has  been 
worked  at  intervals  for  use  by  cottagers  as  fuel,  and  has  been  experi- 
mented upon  for  other  purposes.  The  oil  obtained  by  retorting 
Kimmeridge  shales  contains  from  6  to  7  per  cent,  of  sulphur. 

Geology  of  the  Persian  Oil-Fields.— H.  O.  Busk  and  H.  T.  Mayo 

(Journal  of  the  Institution  of  Petroleum  Technologists,  December  1918, 
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vol,  5,  No.  17,  pp  3-33)  give  an  account  of  their  researches  in  con- 
nection with  the  geology  of  the  Persian  oil-fields,  controlled  by  the 
Anglo-Persian  Oil  Co.,  Ltd. 

Petroleum  in  Japan. — J.  M.  Clements  {Economic  Geology,  November 
1918 ;  Mining  Magazine,  January  1919,  vol.  20,  No.  1,  pp.  51-53) 
gives  an  account  of  the  petroleum  industry  of  Japan.  This  industry 
is  one  of  the  relatively  old  industries  of  the  country,  although  it  is 
only  since  1891  that  it  has  been  put  upon  a  modem  basis.  There  are 
five  oil  districts  in  Japan  proper,  situated  in  the  provinces  of  Echigo, 
Shinam,  Akita,  Totomi,  and  Hokkaido,  and  one  in  Taiwan,  Formosa. 
Echigo  and  Akita  are  the  two  large  oil-producing  districts,  producing 
99  per  cent,  of  all  the  Japanese  oil. 

Petroleum  in  the  Argentine-Bolivian  Field.— S.  C.  Herold  (Bulletin 
of  the  American  Imtitute  of  Mining  Engineers,  September  1918,  pp. 
1503-1522)  deals  with  the  economic  and  geological  conditions  relating 
to  the  occurrence  of  oil  in  the  North  Argentine-Bolivian  Field  of  South 
America.  A  belt  of  seepages  occurs  in  this  region  which,  owing  to  its 
remoteness,  has  not  been  hitherto  much  considered  by  oil  operators, 
while  such  development  as  has  occurred  has,  for  want  of  a  scientific 
basis,  led  to  failures.  The  oil  is  of  high  quality ;  native  labour  is  good, 
and  Government  policy  is  sympathetic  towards  foreign  exploitation. 
Much  further  detail  remains,  however,  to  be  accumulated. 

Gas  from  Oil  Wells.— W.  K.  Hamilton  (United  States  Bureau  of 
Mines,  1919,  Technical  Paper  209)  describes  various  devices  for 
separating  and  saving  the  gas  from  flow  and  lead  lines  of  producing 
oil  wells.  The  basic  principle  of  gas  trap  construction  is  simple.  The 
mixture  of  oil  and  gas  is  allowed  to  flow  through  a  chamber  large 
enough  to  reduce  the  velocity  of  the  mixture  to  the  point  at  which  the 
oil  and  gas  tend  to  separate.  The  gas,  seeking  the  top  of  the  chamber, 
is  drawn  off  free  of  oil ;  the  oil  is  drawn  off  at  a  lower  point,  and  the 
escape  of  gas  through  the  oil  discharge  is  prevented. 

Petrolemn  Mining. — D.  Hager  and  6.  W.  Macpherson  (Bulletin  of 
the  American  Institute  of  Mining  Engineers,  October  1918,  1621-1627) 
deal  with  the  conditions  which  have  arisen  in  the  Mid-Continent  oil- 
fields, Oklahoma,  where  water  troubles  are  being  experienced  on  a  scale 
calculated  seriously  to  alarm. operators.  In  California,  where  similar 
troubles  have  occurred,  prompt  co-operation  on  the  part  of  owners  has 
largely  overcome  them,  but  so  far  no  such  concerted  action  has  been 
taken  in  Oklahoma,  although  the  need  is  exceedingly  urgent.  Various 
methods  are  proposed. 

K.  0.  Neal  (Ibid.,  January  1919,  pp.  1-8)  discusses  the  sources  of 
such  water  troubles,  which  have  to  be  ascertained  before  effective 
remedies  for  combating  them  can  be  introduced. 
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liquid  Fael  Burners. — An  illustrated  description  has  appeared 
(Iron  and  Coal  Trades  Review,  April  18,  1919,  vol.  98,  p.  477)  of  three 
types  of  burners  designing  for  burning  50  per  cent,  liquid  fuel  mixtures. 


V,— NATURAL  GAS. 

Natural  0a8  in  England. — Sir  A.  Strahan  and  J.  Pringle  give  a 
summary  of  the  information  available  on  the  occurrence  and  utilisa- 
tion of  natural  gas  in  England  {Memoirs  of  the  Geological  Survey  : 
Special  Reports  on  Mineral  Resources  of  Great  Britain,  1918,  vol.  7, 
Part  I.,  pp.  59-63). 


YL—ABTIFIOIAL  GAS. 


Qas-Froducera. — An  illustrated  description  is  given  of  the  Kerpely 
revolving  grate  gas-producer  (Iron  and  Coal  Trades  Review,  Decem- 
ber 13,  1918,  vol.  97,  p.  663).  It  is  designed  to  work  on  low-grade 
fuels  which  cannot  easily  be  treated  in  a  fixed-grate  producer. 

The  new  plant  of  the  Smith  Gas  Engineering  Co.,  Moraine  City, 
Dayton,  Ohio,  is  described  and  illustrated  (Iron  Age,  December  5, 
1918,  vol.  102,  pp.  1373-1378).  The  firm  makes  a  speciality  of  a  six- 
section  Smith  gas-producer  capable  of  gasifying  2  tons  of  coal  per 
hour,  for  power  and  fuel  purposes. 

Oas-Producer  Practice. — J.  Seigle  (Bulletin  de  la  Societe  de  V  Industrie 
Minerale,  1918,  series  5,  vol.  14,  pp.  79-108)  deals  with  the  principles 
underlying  the  combustion  and  gasification  of  coke,  the  subject  being 
considered  from  the  point  of  view  that,  theoretically,  the  coke  is  assumed 
to  possess  no  volatile  matters.  The  combustion  is  likewise  considered 
according  as  water  is  insufi^ted  or  not.  The  losses  by  heating,  radia- 
tion, &c.,  and  balance-sheets  and  formula  are  given  for  the  practical 
determination  of  the  economic  and  technical  problems  involved. 

Enrichment  of  Producer-Oas. — The  enrichment  of  producer-gas 
by  returning  the  tar  recovered  from  the  gas  cleaners  to  the  producer 
for  gasification  is  briefly  described  (Chemical  and  MetaUurgieal 
Engineering,  October  1, 1918,  vol.  19,  p.  560).  The  tar  is  sprayed  evenly 
over  a  compact  fuel  bed  at  a  temperature  of  1000®  to  1200®.  If  too  high 
a  temperature  prevails  lamp  black  is  produced,  which  clogs  the  cleaning 
system,  and  if  the  fuel  bed  be  too  cold  the  liquid  saturates  the  inter- 
stices. The  use  of  tar  reduces  the  hydrogen  and  increases  the  methane 
contents  of  the  gas  and  improves  the  thermal  efiiciency  of  the  producer. 
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Prodac6r-0a8  from  Low-Grade  Fuel.— F.  Blache  (BuUetin  de  la 
Societe  de  V Industrie  MineraUy  1919,  series  5,  vol.  15,  pp.  5-28)  discusses 
the  question  of  economising  fuel  by  utilising  mine  waste  and  low-grade 
fuel  in  gas-producers. 

Producer-Gas  from  Wood.-— Leslie  B.  Williams  (Mining  Magazine, 
November  1918,  vol.  19,  No.  5,  pp.  246-250)  discusses  the  composition 
of  power-gas  from  wood,  and  the  methods  of  obtaining  the  largest 
amounts  of  the  most  efEective  components. 

Wear  and  Tear  of  Large  Gaa-Engines.— H.  Filling  {Pa^  read  before 
the  Cleveland  Irhstitution  of  Engineers ;  Iron  and  Coal  Trades  Review, 
April  11, 1919,  vol.  98,  p.  442),  in  dealing  with  the  installation  and  work- 
ing of  large  horizontal  gas-engines,  submits  data  based  upon  replies 
received  from  various  firms  to  questions  addressed  to  them  regarding 
the  actual  amount  of  wear  and  tear  noted  by  them  in  their  large  gas- 
engines. 


VII.— CO^L  WASHING  AND  HANDLING. 

Coal  Handling. — An  illustrated  description  \s  given  of  Barnard's 
self-discharging  grab  (Engineering^  February  14,  1919,  vol.  107,  pp. 
200-202),  which  is  extensively  used  for  discharging  coal  from  ships 
into  barges  or  trucks.  A  crane  fitted  with  a  15-cwt.  grab  can  discharge 
a  ship's  hold  at  the  rate  of  60  to  70  tons  per  hour. 

Coal  Washing.— W.  H.  Graham  (Transactions  of  the  Canadian 
Mining  Institute,  1918,  vol.  21,  pp.  231-241)  outlines  the  advantages 
to  be  derived  from  efficient  coal  washing  as  reflected  in  the  manufacture 
of  iron  and  steel. 

6.  Knox  (Proceedings  of  the  South  Wales  Institute  of  Mining 
Engineers,  3a,jm&Ty  1919,  vol.  34,  pp.  291-320)  gives  an  illustrated 
description  of  the  Draper  washer  for  the  separation  of  fine  coal  from 
shale.  The  principle  is  based  on  direct  flow,  slightly  greater  than  the 
velocity  fall  of  coal  and  less  than  that  of  the  shale,  thereby  ensuring 
perfect  separation. 

Storage  of  Coal.— J.  H.  Anderson  (Electric  Review,  July  26,  1918, 
vol.  83,  pp.  78-79)  gives  notes  of  experiences  in  the  storage  of  a  very 
large  tonnage  of  bituminous  coal,  piled  in  the  open.  The  heap  con- 
tained about  16,000  tons,  covering  an  area  of  46,000  square  feet.  About 
fifty  vent  pipes,  3  to  4  inches  diameter,  were  placed  in  the  heap,  and 
also  a  number  of  1-inch  iron  tubes  for  the  purpose  of  taking  temperature* 
readings.    Eeadings  were  taken  every  day,  90**  P.  being  regarded  as 
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a  warning  temperature.  If  a  source  of  heat  was  located,  an  additional 
vent  pipe  was  put  down  which  generally  arrested  the  rise  of  heat.  If 
that  faded  the  spot  was  trenched. 

Coal  Briauetting. — J.  A.  Teadon  {Transactions  of  Institution  of 
Mining  EngineerSy  November  1918,  No.  66,  pp.  31-34)  discusses  the 
economy  of  briquetting  small  coal,  and  the  method  of  manufacture  of 
briquettes.  The  calorific  power  of  good  briquettes  is  said  to  be  higher 
than  that  of  the  coal  from  which  they  are  made  when  pitch  is  used  as 
the  agglomerant. 
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l.—BLAST-FUBNACE  PBACTICE. 

Blast-Fomace  Praoticew — F.  Mulet  {Bulletin  de  la  Sodete  de  V  Industrie 
Minerale,  1918,  Beries  5,  vol.  14,  pp.  12-47)  gives  blaat-fumace  balance- 
sheets  with  a  view  to  getting  better  economic  results  by  ascertaining 
just  where  and  how  losses  take  place  and  how  they  can  be  obviated . 
In  specimens  given  the  theoretical  loss  as  dust,  &c.,  in  the  gases  was 
4  per  cent,  of  the  burthen  charged  ;  in  practice  it  was  found  to  be  15 
per  cent.  While  the  11  per  cent,  difierence  might  be  partly  accounted 
for  by  errors  in  analysis  and  inaccurate  weighing  of  the  components 
of  the  charge,  it  is  still  evident  that  a  wide  discrepancy  exists  between 
theory  and  practice,  and  that  there  is  room  therefore  for  considerable 
improvement  in  the  latter.  In  the  example  given  there  were  charged 
into  the  furnace,  in  addition  to  the  usual  ore,  fuel,  and  fluxes,  a  pro- 
portion of  pig  iron,  iron  turnings,  mill-scale  and  scrap,  and  the  necessary 
calculations  involved  in  the  melting  and  recovery  of  such  materials 
are  included  in  the  heat  balance.  The  remelting  of  a  ton  of  pig  iron 
requires  in  practice  75  kilogrammes  of  coke,  while  the  recarburisation 
of  oxidised  turnings  and  scale  requires  120  kilogrammes  per  ton. 
Mill-scale  can  very  profitably  be  charged,  but  care  must  be  taken  that 
the  bricks  and  hearth  lining  are  not  injured,  and  that  the  resulting 
fusible  calcium  ferrites  do  not  lead  to  scafioldings  and  accretions. 

H.  G.  Scott  (Proceedings  of  the  Cleveland  Institution  of  Engineers, 
1918-19,  No.  3,  pp.  120-151 ;  Iron  and  Coal  Trades  /2ewew,  January  17, 
1919,  vol.  98,  pp.  67-68)  discusses  the  practical  management  of  blast- 
furnace plants  in  Cleveland. 

Electric  Smelting  o!  Iron  Ore.— J.  Bibby  {Paper  read  at  the  Joint 
Meeting  of  the  Iron  and  Steel  Institute  and  the  Institution  of  Electrical 
Engineers,  May  8,  1919)  describes  some  of  the  recent  developments  in 
the  manufacture  of  iron  and  steel  by  means  of  electric  furnaces.  The 
manufacture  of  pig  iron  in  a  blast-furnace  requires,  on  an  average, 
1  ton  of  coke  per  ton  of  pig  iron  produced.     Given  the  same  ore, 
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an  electric  furnace  would  require  0*3  ton  of  coke  per  ton  of  pig  iron 
produced,  thus  efiecting  a  saving  of  0*7  ton  of  coke  per  ton  of  iron. 
Against  this  saving  in  coke  must  be  set  the  consumption  of  electric&l 
energy,  which  averages  0*3  h. p. -year  per  ton  of  iron.  This  means 
that,  other  conditions  being  equal,  the  costs  of  the  two  systems 
balance  when  1  h.p.-year  can  be  obtained  for  the  price  of  2*3  tons  of 
coke.  The  general  appearance  of  the  electric  reduction  furnace  follows 
t^at  of  the  blast-furnace  very  closely.  The  electric  shaft  furnace  is 
about  30  ft.  high  instead  of  80  ft.  as  in  the  blast-furnace.  At  the 
point  corresponding  to  the  tuyere  belt  in  the  blast-furnace  the.  shaft 
proper  of  the  electric  furnace  ends,  and,  in  place  of  the  narrow 
blast-furnace  hearth,  there  is  provided  in  the  electric  furnace  a 
wide  shallow  hearth  or  crucible  forming  the  melting  and  refining 
chamber.  The  necessary  heat  is  generated  by  the  resistance  to  the 
passage  of  current  between  the  electrodes,  which  project  through 
the  roof  of  the  crucible  and  are  embedded  in  the  charge.  The 
larger  the  furnace,  the  greater  the  number  of  electrodes  required 
to  distribute  the  heat  sufficiently,  and,  since  electrodes  have  not  so 
far  been  made  with  a  capacity  exceeding  20,000  amperes,  a  number  of 
them  are  also  required  to  get  the  desired  quantity  of  energy  into  the 
furnace.  The  smallest  furnace  commercially  is  that  of  2500  h.p.,  with 
an  output  of  7000  tons  of  pig  iron  per  year,  which  has  four  electrodes, 
while  in  a  10,000-h.p.  furnace  witii  a  yearly  output  of  31,000  tons  of 
pig  iron  the  number  is  12. 

In  the  blast-furnace  the  temperature  of  the  hearth  is  fixed  by  the 
possible  temperature  of  the  combustion  at  the  tuyere  zone,  say  1800°  C, 
and  this  determines  the  melting  point  of  the  flux,  that  is,  the  possible 
proportion  of  lime.  But  in  the  electric  furnace  there  is  no  such  limiting 
temperature,  and  it  is  possible  to  have  a  flux  with  a  melting  point 
of  2000°  C,  which  permits  it  to  be  more  basic  and  therefore  more 
efiective  as  a  refining  agent.  The  high  temperature  in  the  crucible 
would  be  destructive  to  the  roof,  even  with  regular  heating,  and  to 
avoid  this  a  portion  of  the  outgoing  gases  is  extracted  from  the  main, 
taken  through  coolers  and  dust  extractors,  and  blown  against  the  roof 
through  the  free  space  between  the  charge  and  the  roof.  The  gases 
are  cooled  to  about  70°  C,  and  it  is  found  that  if  about  two-thirds  of 
them  are  circulated  the  roof  is  efiectively  preserved.  At  the  same 
time  this  circulation  assists  in  carrying  the  heat  from  the  crucible 
into  the  shaft,  so  as  to  efiect  the  first  reduction  of  the  ore  at  a  higher 
level.  Under  this  arrangement  all  the  gas  generated  passes,  on  the 
average,  three  times  through  the  shaft,  but  there  is  a  thermal  loss 
by  the  amount  of  cooling  necessary. 

The  author  also  deals  with  some  of  the  features  connected  with  the 
direct  arc  type  of  steel  refining  furnace,  and  describes  two  types  of 
furnaces  which  have  been  developed  on  these  lines. 

A.  Stansfield  (Iron  and  Coal  Trades  Review,  March  7,  1919,  vol. 
98,  p.   287)  reports   on   the   commercial  feasibility  of  the   electric 
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smelting  of  iron  ores  in  British  Columbia.  He  concludes  that  there 
is  a  sufficient  supply  of  ores  of  a  quality  well  suited  to  the  process 
and  capable  of  being  converted  into  a  high  quality  of  iron  or  steel, 
and  that  there  also  are  available  all  requisite  fluxes,  but  electric 
power  cannot,  at  present,  be  obtained  at  prices  that  will  permit  of 
the  use  of  the  usual  electric  smelting  methods. 

R.  Tumbull  {Chemical  and  Metallurgical  Engineering^  February  15, 
1919,  vol.  20,  pp.  178-179)  reviews  the  prospects  of  the'  electric  pig 
iron  industry  from  the  after-the-war  standpoint.  The  question  is  in- 
timately connected  with  that  of  the  supply  of  scrap  for  steel  furnaces, 
and  once  the  necessary  materials  can  be  supplied  no  difficulty  arises  in 
making  any  ordinary  grade  of  pig  iron  in  the  electric  steel  furnace. 

Charging  Iron  into  a  Blast-Pumace.— C.  T.  Wang  {Blast-Furnace 
and  Steel  Plant,  March  1919,  vol.  7,  pp.  125-126)  describes  the  smelting, 
of  native  Chinese  white  iron  into  foundry  pig  at  the  blast-furnaces  of  the 
Hanyang  Iron  and  Steel  Works.  The  scarcity  of  pig  iron  in  the  Far 
East,  owing  to  the  American  embargo  on  pig  iron  exports,  has  led  to 
the  use  of  the  cold-blast  iron  which  is  made  in  small  blast-furnaces 
capable  of  producing  from  2  to  6  tons  daily  per  furnace.  This  iron 
is  imsuitable  for  foundry  purposes,  as  the  sulphur  is  sometimes  as  high 
as  0*125  per  cent,  and  the  silicon  as  low  as  0*30  per  cent.  It  has, 
however,  been  collected  and  charged  into  one  of  the  smaller  blast- 
furnaces at  Hanyang,  of  a  capacity  of  about  100  tons  per  day.  The 
process  is  not  one  of  simple  melting  alone,  but  seems  to  involve  metal- 
lurgical conversion  changing  part  of  the  combined  carbon  into  graphite, 
removing  sulphur,  and  increasing  the  silicon  to  2  per  cent.  Only  10 
per  cent,  of  the  daily  output  can  be  made  up  by  charging  iron  into  the 
blast-furnace,  without  interfering  with  normal  working;  scrap  iron 
charged  togetlier  with  ore,  limestone,  and  coke  descends  faster,  causing 
chilled  hearth  and  the  production  of  ofi-grade  iron,  and  many  pre- 
cautions need  to  be  taken  to  avoid  troubles.  The  prospects  of  further 
developing  the  process  and  its  economic  aspects  are  dealt  with. 

The  Grading  of  Pig  Iron. — J.  Seigle  {Bulletin  de  la  Sodete  de  V Indus- 
trie Minerale,  1918,  series  5,  vol.  13,  pp.  20&-243)  discusses  the  views  of 
various  authorities  as  to  the  causes  of  the  variation  of  carbon  and  silicon 
in  blast-furnace  pigs,  and  the  relative  advantages  of  grading  by  fracture 
and  grading  by  analysis.  As  both  the  carbon  and  the  siUcon  per- 
centages have  been  proposed  as  bases  for  grading  by  analysis,  and  as 
both  elements  may  vary  in  what,  judged  by  fractule,  is  one  and  the 
same  grade,  he  decides  in  favour  of  judging  grade  by  fracture  only,  as 
likely,  other  things  equal,  to  afford  the  buyer  the  best  notions  of  what 
he  is  buying,  and  the  fotmdryman  the  best  opportunity  of  suitably 
mixing  bos  iron  for  foundry  requirements. 

He  also  deals  {Ibid,,  pp-  245-270)  with  the  relationship  between 
the  grade  and  texture  of  pig  iron  and  the  physical  qualities  such  as 
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tensile  strength,  ball  hardness,  and  resistance  to  bending  and  shock. 
The  texture  of  low  phosphorus  foundry  irons  with  from  0-6  to  1*0  per 
cent,  of  manganese  depends  on  the  silicon  and  carbon  contents  and 
the  conditions  of  coolmg,  but  a  given  pig  iron  may  assume  vaiioas 
appearances  according  as  the  cooUng  has  been  slow  or  rapid,  and  its 
physical  properties  wUl  similarly  depend  on  the  conditions  of  cooling. 
Here  again,  therefore,  the  fracture  is  the  best  guide,  as  it  corresponds 
with  the  cooling  conditions  and  is  therefore  the  safest  guide  to  the 
physical  properties. 

Manufactnre  of  Ferro-Manganese.— Comparative  data  are  given 
showing  the  saving  in  manganese  that  can  be  efiected  in' f erro-naan- 
ganese  practice  by  using  coke  with  8  per  cent,  of  ash  instead  of  a  coke 
containing  about  14*5  per  cent.  ash.  (Iran  Trade  Review,  December 
12,  1918,  vol.  63,  pp.  1M7-1348.) 

BUuit-Fumace  Charging  Hoist— A.  Kiippers  {Stahl  und  Eisen, 
September  19,  1918,  vol.  38,  pp.  861-868)  describes  and  illustrates  the 
charging  hoist  for  a  new  blast-furnace  at  the  Rheinische  Stahlwerke, 
at  Meiderich.  It  is  an  inclined  hoist,  with  a  skip  to  carry  a  load  of 
8-5  tons  of  ore,  or  •!  tons  of  coke,  the  quantity  to  be  charged  daily  being 
about  1200  tons  of  ore  and  500  to  600  tons  of  coke.  The  furnace  has 
a  capacity  of  400  tons  of  pig  iron  daily. 

Blowing-Engine. — The  Snow  blowing-engine  recently  installed  at 
the  works  of  the  Parkgate  Iron  and  Steel  Company,  Ltd.,  Rother- 
ham,  is  described  and  illustrated.  The  engine  is  of  the  twin-tandem, 
horizontal,  double-acting,  four-cycle  type,  with  power  cylinders  24 
inches  in  diameter,  blowing  cylinder  59  inches  in  diameter,  and 
4-foot  stroke.  When  running  at  its  normal  speed  of  88  r.p.m.  the  set 
is  equal  to  a  duty  of  25,000  cubic  feet  per  minute,  with  a  discharge 
pressure  of  8  lbs.  above  atmosphere,  (iron  and  Coal  Trades  Review, 
January  31,  1919,  vol.  98,  pp.  132-133.) 

Composition  of  Blast-Fumace  Gases.— J.  Seigle  [Bulletin  de  {a 
Societe  de  VIndustrie  Minerale,  1918,  series  5,  vol.  14,  pp.  109-131) 
discusses  the  composition  of  blast-furnace  gases  and  the  volumetric 
methods  of  calculating  the  gas  yield  and  the  amount  of  air  used  for  the 
blasts.  The  methods  of  Griiner  and  Ledebur  are  compared,  «tnd  a  new 
method  based  on  the  carbon  balance-sheet  described.  The  difierences 
between  the  results  as  calculated  theoretically  and  those  deduced  by 
actual  analyses  and  measurements  of  the  gases  produced  in  practice  . 
are  discussed  and  explained. 

Dry-CLeaning  of  Blast-Fnmace  Gas. — J.  C.  Barrett  {Blast-Furnace 
and  Steel  Plant,  April  1919,  vol.  7,  pp.  185-187)  refers  to  the  develop- 
ment of  a  new  method  of  dry-cleaning  blast-furnace  gas,  by  F.  E. 
Kling  and  L.  B.  Weidlein.     The  principle  of  operation  is  not  stated. 
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Special  precautions  are  taken  to  retain  the  sensible  heat  of  the  gas, 
and  no  water  or  settling  basins  are  required  in  connection  with  the 
installation. 

Electrostatic  Separation  of  Flue-Dust.— H.  J.  Bush  {Journal  of 
Society  of  Chemical  Industry,  October  31,  1918,  vol.  37,  No.  20,  pp. 
389-391  K.)  gives  a  brief  account  of  the  Cottrell  electrostatic  process 
for  the  precipitation  of  flue-dust  from  waste  g^ses.  Various  applica- 
tions of  it  are  mentioned  and  the  apparatus  for  carrying  out  the  process 
has  been  installed  at  several  factories  in  this  country. 

0.  H.  Eschholz  {BuUetin  of  tJie American  Institute  of  Mining  Engineers, 
August  1918,  pp.  1293-1306)  describes  the  principles  of  the  process  of 
the  electrical  precipitation  of  blast-furnace  dust,  and  the  necessary 
equipment. 

Ore  Stofage  at  Blast-Furnaces.— The  problem  of  ore  storage  as  dealt 
with  at  the  blast-furnaces  of  the  Iroquois  Iron  Company,  South  Chicago, 
is  described  and  illustrated  by  F.  L.  Prentiss  (Iro7i  Age,  November  28, 
1918,  vol.  102,  pp.  1311-1313).  The  plant  presents  nimierous  features 
of  great  interest  and  includes  a  car  hopper  equipped  with  forced 
draught  beating  to  prevent  the  ore  freezing  during  severe  winter 
conditions. 

Potash  as  a  BUuit-Fiimaoe  By-Product.— J.  S.  Grasty  (Chemical  and 
Metallurgical  Engineering,  September  26,  1918,  vol.  19,  pp.  434-438) 
deals  with  potash  recovery  from  blast-furnace  dust  in  America.  While 
such  recovery  is  possible  at  practically  any  blast-furnace  plant,  it  is 
only  profitable  when  the  burden  contains  a  fairly  high  proportion  of 
potassium  compounds.  In  the  fluxes  and  in  the  coke  used  these 
compounds,  although  fairly  uniform,  are  low,  and  hence  it  is  to  the  ore 
supply  that  economic  results  can  be  looked  for.  In  the  United  States 
it  is  only  the  Alabama  ores  that  contain  relatively  high  potassium 
percentages ;  some  of  the  deposits  contain  as  much  as  3  per  cent. 
These  are  the  Cambrian  ores.  The  net  profits  on  such  ores,  when  the 
Cottrell  electric  precipitation  process  is  used,  could  be  very  high, 
as  much  as  $12  to  $15  per  ton  of  iron  produced,  which,  with  a  200- 
ton  blast-funiace  would  mean  $2400  to  $3000  per  day.  A  formula 
for  estimating  the  percentage  recovery  is  given. 

A  wet  process  for  recovering  potash  from  the  dust  of  cement  kilns 
is  described  by  J.  G.  Dean  {Ibid.,  pp.  439-447).  The  product  is  obtained 
in  an  easily  handled  condition  and  is  readily  marketable,  while  the 
conditions  under  which  recovery  takes  place  renders  the  whole  process 
of  cement  manufacture  better  and  more  efficient,  the  maximum  potash 
recovery  coinciding  with  the  maximum  cement  production. 

A  bibliography  of  the  whole  subject  of  potash  manufacture  and 
recovery  for  the  years  1912  to  1917  is  given  by  F.  W.  Bruckmiller 
(Ibid,,  pp.  447-449). 
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The  Cottrell  process  for  fche  coUection  by  electrical  precipitation  of 
the  volatile  vapours  of  alkali  salts  from  blast-furnace  dust  and  cement 
kiln  dust  is  described  by  L.  Bradley  {Chemical  and  Metallurgical 
Engineering,  September  26,  1918,  vol.  19,  pp.  457-460). 

Ironworks  in  Australia. — An  illustrated  description  is  given  of  the 
new  works  of  the  Broken  Hill  Proprietary  Company  near  Newcastle, 
N.S.W.  A  second  blast-furnace  is  now  in  course  of  construction  {Iran 
Trade  Review,  November  14,  1918,  vol.  63,  pp.  1118-1124).  The 
plant  is  constructed  on  modem  American  principles. 

South  African  Iron  Industry. — ^F.  A.  Wagner  (Presidential  Address 
to  the  South  African  Association  for  the  Advancement  of  Science  ;  Iron 
and  Coal  Trades  Review,  April  18, 1919,  vol.  98,  p.  469),  in  dealing  with 
the  South  African  iron  industry,  states  that  the  blast-furnaces  already 
completed  are  those  of  the  Pretoria  Iron  Mines,  Ltd.,  and  of  the  Trans- 
vaal Blast-Fumace  Company,  Ltd.  The  former  company  propose 
bmelting  in  a  50-foot  furnace  a  mixture  of  siliceous  and  *'  clay-band  " 
ores.  The  siliceous  ore,  an  arenaceous  ironstone,  averages  from  40 
to  50  per  cent,  iron  and  14  to  22  per  cent,  silica  ;  sulphur  and  phos- 
phorus are  both  very  low  and  titanium  is  present  in  traces  only. 

The  clay-band  ore  averages  ffom  50  to  55  per  cent,  iron,  irom  7  to 
9  per  cent,  silica,  and  from  0*5  to  0*6  per  cent,  phosphorus.  The 
furnace  has  a  daily  capacity  of  from  12  to  15  tons  of  pig  iron.  The 
Transvaal  Blast-Fumace  Co.,  who  have  erected  a  50-foot  furnace  at 
Vereeniging  in  connection  with  the  Union  Steel  Corporation,  intend 
smelting  a  very  pure  bedded  magnetite  ore,  found  in  the  Transvaal 
Coal  Measures,  seven  miles  east  of  Ermelo.  This  ore  is  the  purest 
yet  discovered  in  South  Africa,  and  averages  from  66  to  69  per  cent. 
of  iron  and  from  0*5  to  1*5  per  cent,  of  silica.  The  tonnage  in  si^t, 
however,  is  not  very  great.  A  third  Transvaal  company  proposes  to 
undertake  the  production  of  iron  and  steel.  Two  other  blast-fumaceB 
which  are  in  course  of  erection,  and  expected  to  be  in  operation  within 
the  next  few  months,  are  situated  in  Natal,  one  at  Wentworth,  a  suburb 
of  Durban,  and  the  other  at  Sweetwaters,  near  Maritzburg.  Prospects 
are  very  hopeful,  as  the  South  African  demand  for  iron  and  steel  is 
well  over  50,000  tons  per  annum,  and  is  almost  certain  to  increase. 
The  dimensions  to  which  the  industry  will  ultimately  attain  depend 
largely  upon  the  success  of  the  efEorts  that  are  to  be  made  as  soon  as 
practicable  at  Pretoria  to  smelt  the  rich  titaniferous  magnetites  of 
the  Bushveld  complex.  If  these  ores  could  be  smelted  on  a  large 
scale  in  admixture  with  the  siliceous  ores  of  the  Pretoria  series,  using 
cheap  non-caking  Transvaal  coal  as  fuel,  South  Africa  should  be  able 
to  export  iron  and  steel  in  competition  with  the  great  iron-producing 
countries  of  the  world. 
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Slag  OemenL — ^E.  Bereslavsky  {Chemical  and  Metallurgical  Engineer^ 
ing,  January  1, 1919,  vol.  20,  pp.  25-28)  deals  with  the  influence  of 
gypsum  additions  on  the  strength  and  setting  properties  of  slag  cement 
made  from  blast-furnace  slags.  By  a  process  of  elimination  he  reduces 
the  number  of  combinations  which  can  usefully  be  employed  to  five  : 
(1)  granulated  slag  and  lime;  (2)  granulated  slag  and  gypsum; 
(3)  degranulated  slag  and  g3rpsum ;  (4)  granulated  slag  with  lime  and 
gypsum,  and  (5)  degranulated  slag  with  lime  and  gypsum.  By  "  de- 
granulated  slag  "  is  meant  granulated  slag  from  which  all  granulating 
properties  have  been  removed  by  a  preliminary  heating  up  to  a  high 
temperature  and  a  subsequent  slow  cooling  in  a  closed  kiln.  Cements 
from  blast-furnace  slag  cannot  be  accepted  or  rejected  on  the  general 
rules  applied  to  Portland  cement.  In  such  cements,  in  order  to  ensure 
Portland  cement  qualities,  there  should  be  at  least  2  per  cent.,  and 
preferably  more,  sulphuric  anhydride  (SOa),  and  this  can  be  secured 
by  the  needful  gypsum  additions,  which  would  enable  much  present 
slag  to  be  employed  for  making  Portland  cement,  which  would  other- 
wise fail  satisfactorily  to  do  so. 

P.  J.  Freeman  {Paper  read  before  the  Americcm  Society  for  Testing 
Materials ;  Concrete  and  CothstriLctianal  Engineering,  November  1918, 
No.  11,  pp.  586-589)  describes  tests  on  concrete  in  which  blast- 
furnace slag  is  used  as  the  coarse  aggregate.  The  results  obtained  so 
far  present  a  comparison  of  the  crusUng  tests  of  air-cooled  blast- 
furnace slag,  limestone,  granite,  trap  rock  and  gravel  when  used  as 
the  coarse  aggregate,  after  14,  30,  60, 180  days,  and  12  months.  Tests 
are  still  in  progress  to  determine  the  corrosive  tendency  of  sulphur 
in  slag  and  the  relative  strength  and  durability  of  slag  concrete, 
with  high  magnesia  and  low  lime,  and  with  low  magnesia  and 
high  lime. 

The  crushing  tests  were  performed  on  solid  cylindrical  specimens 
8  inches  diameter,  16  inches  high.  Analyses  of  nine  slags  are  given, 
of  which  the  following  two  represent  the  outside  proportions  of  lime 
and  magnesia : 


No.  1.  No.  2. 

Silica    .         .         .     34-36  31-98 

AlttminA                .      13-56  12-26 

Iron  oxide    .         .       1-02  2-00 

Manganoos  oxide  .       0-71  0-34 


No.  1.  No.  2. 

Titanium  oxide      .       0-60  0-30 

lime    .                  .     46-80  31-76 

Magnesia                .        1-62  19-43 

Sulphur        .         .        1-51  1-23 


The  crushing  strength  of  slag  concrete  made  from  these  slags 
was  as  follows : 


No.  1.     No.  2. 

Lbs.  per  Lbs.  per 

Sq.  In.    Sq.  In. 

After  14  days  .    2134       2206 

„     30    ,,  .    2667        2663 

,,     60    „  .     3306        3403 


No.  I.  No.  2. 

Lbs.  per  Lbs.  per 

Sq.  In.  Sq.  In. 
After  180  days         .    4164        4309 
„      12  months     .    6028        4886 
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B.  Neumann  (StaM  und  Eisen,  October  17,  1918,  vol.  38,  pp.  953- 
960  ;  Abstract  in  Oenie  CivU,  December  28, 1918,  pp.  512-^513)  presents 
a  study  of  the  system  lime-alumina-silica  and  its  relations  to  blast- 
furnace slag  and  Portland  cement.  Diagrams  of  the  temperature  of 
concentration,  of  the  ternary  system  lime-alumina-silica  are  shown, 
and  illustrations  of  a  dimensional  model  of  the  system  are  given,  on 
the  surface  of  which  the  melting  points  of  all  the  tetnary  combinations 
of  lime,  alumina,  and  silica  are  represented. 

Use  of  Blast-Fnmace  Slag  for  Reinforced  Conerete.— J.  E.  Stead 
(Proceedings  of  the  Cleveland  InstiiiUion  of  Engineers,  1918-19,  No.  1, 
pp.  12-78)  considers  the  use  of  blast-furnace  slag  for  the  manu- 
facture of  reinforced  concrete.  A  table  shows  the  analyses  of  the  bulk 
of  the  slags  made  in  the  Middlesbrough  district.  An  account  is  given 
of  the  experience  of  slag  cement  users  at  Middlesbrough  and  recent 
literature  on  the  subject  of  slag  cement  is  reviewed,  with  notes  on  the 
manufacture  of  concrete  from  slag.  The  general  conclusion  is  that 
blast-furnace  slag  is  an  ideal  material  for  use  in  making  reinforced 
concrete. 

E.  H.  Lewis  (Journal  of  West  of  Scotland  Iron  and  Steel  InstittUe, 
1918-1919,  vol.  26,  pp.  8-16)  refers  to  the  groundless  prejudice  which 
exists  against  the  use  of  slag  cement,  or  iron  Portland  cement,  for 
reinforced  concrete.  After  granulation,  roasting,  and  grinding,  the 
percentage  of  sulphur  works  out  at  1  per  cent.,  which  corresponds  to 
2'50  per  cent,  of  SO,,  as  against  2"75  per  cent,  allowed  in  the  British 
Standard  specification.  At  least  half  the  sulphur  in  iron  Portland 
cement  is  in  combination  as  sulphide,  while  in  ordinary  Portland  cement 
it  exists  mainly  as  a  sulphate.  Various  records  of  tests  of  iron  Portland 
cement  and  examples  of  its  use  in  reinforced  concrete  construction 
are  given. 

Effect  of  Manganese  in  Slag  as  a  Fertiliser.-'J.  S.  McHargue  describes 
experiments  made  to  test  the  efiect  of  manganese  on  the  growth  of 
wheat  (Journal  of  Industrial  and  Engineering  Chemistry y  April  1919, 
vol.  11,  pp.  332-335).  In  suitable  dilution  manganese  is  found  to 
stimulate  the  growth  and  increase  the  size  and  nitrogen  content  of 
the  grain. 


m.— PUDDLING. 


History  of  the  Paddling  Process.— C.  H.  Desch  (Paper  read  before  the 
Staffordshire  Iron  and  Sted  Institute,  February  8,  1919  ;  Iron  and  Coal 
Trades  Review,  February  14,  21,  1919,  vol.  98,  pp.  191-192,  229)  gives 
an  account  of  the  evolution  of  the  puddling  process.  Reference  is  made 
to  early  methods  for  producing  malleable  iron  direct  from  the  ore 
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and  to  Cert's  invention  of  the  puddling  process  in  1784,  improvements 
on  which  were  made  by  Samuel  Rogers  of  Nant-y-61o,  in  1818,  and  by 
Joseph  Hall  of  Tipton  in  1830.  Since  that  date  the  details  of  the 
process  have  undergone  scarcely  any  appreciable  change.  The  process 
depends  entirely  on  skilled  manual  labour,  and  the  difficulty  of  finding 
a  supply  of  suitable  labour  has  long  been  felt  and  has  been  greatly 
aggravated  of  late. 

The  proposals  for  the  improvement  of  the  puddling  process  fall 
into  two  main  groups.  Those  of  the  first  group  aim  at  relieving  the 
skilled  puddler  of  the  most  laborious  part  of  his  duties,  and  making 
a  choice  of  workmen  from  a  larger  reserve  of  labour  possible.  The 
proposals  of  the  second  group  aim  chiefly  at  the  improvement  of  the 
thermal  efficiency  of  the  process,  usually  by  replacing  direct  firing 
with  coal  by  gas  firing,  or  by  the  more  economical  utilisation  of  waste 
heat. 

The  first  mechanical  rabble  of  which  any  record  can  be  found  is 
that  patented  by  E.  E.  Schafhautl  in  1836,  which  was  tried  at  the 
Tividale  Ironworks,  Dudley.  Modifications  in  the  method  of  working 
mechanical  rabbles  were  afterwards  made  by  a  number  of  inventors, 
such  as  Isaac  Hazlehurst,  A.  V.  Newton,  Morgan,  Griffiths,  Dumeny 
and  Lemut,  Bennett,  Dormoy,  Nasmyth,  and  others. 

In  the  second,  and  much  more  important  class  of  improvements, 
the  agitation,  instead  of  being  efiected  by  mechanical  rabbles,  is  brought 
about  by  the  movement  of  the  hearth  of  the  furnace.  The  earliest 
design  for  a  furnace  of  this  type  is  due  to  an  unknown  inventor,  whose 
drawing  was  made  at  Dowlais  WorkS;  certainly  before  1834.  The 
drawing  shows  a  pan-shaped  iron  hearth,  rotating  on  a  vertical  axis, 
and  making  a  gas-tight  joint  with  the  furnace  casing  by  means  of  a 
water  seal.  It  is  of  great  historical  interest,  especially  in  view  of  the 
renewed  interest  in  rotary  puddling  at  Dowlaia  some  thirty-five  years 
later  under  Menelaus.  The  machine  which,  until  the  Dowlais  drawing 
came  to  light,  was  regarded  as  the  first  rotary  puddler,  is  that  devised 
in  1853  by  Walker  and  Warren. 

.  In  May  1868  Samuel  Danks  began  his  experiments  at  the  Cincinnati 
Railway  Works.  He  at  first  erected  two  small  furnaces,  taking  from 
2  to  3  cwt.  per  heat,  and  in  the  next  two  years  increased  the  size, 
the  company  replacing  all  its  hand  puddling  furnaces  by  the  rotary 
pattern.  The  Danks  furnace  was  adopted  in  1871  by  a  number  of 
American  firms,  and  aroused  so  much  interest  that  the  Iron  and  Steel 
Institute,  a  conmiittee  of  which  had  teen  formed  to  investigate  the 
possibilities  of  mechanical  puddling,  decided  to  send  out  a  special 
commission  to  the  United  States  to  examine  the  working  of  the  Danks 
process  on  the  spot.  This  commission,  consisting  of  Messrs.  George  J. 
Snelus,  John  A.  Jones,  and  John  Lester,  made  an  extremely  thorough 
investigation  of  the  whole  process.  The  members  took  with  them 
to  America  a  sufficient  supply  of  the  ores  and  fettlings  most  used  in 
this  country,  as  well  as  of  pig  iron,  in  order  to  ensure  that  any  favour- 


Digitized  by 


Googk 


656  THE  IRON  AND  STBEIi  INDUSTRIES. 

able  results  obtained  were  not  due  to  the  special  properties  of  American 
raw  materials.  They  kept  complete  diaries  of  all  the  experiments, 
and  weighed  the  materials  and  products^  also  bringing  home  specimens 
of  the  products  for  testing.  Their  report,  together  with  supplementary 
papers  by  the  members  individually,  was  presented  in  1872,  and  was 
highly  favourable  to  the  process.  The  lining  was  found  to  stand 
well,  provided  that  an  anhydrous  ore  low  in  silicon  was  used  in  making 
it.  The  one  defect  of  the  process  as  carried  out  in  the  American 
works,  noticed  by  several  experts,  was  that  the  fuel  consumption  was 
large  in  the  preliminary  stage  of  melting.  Subsequent  experience 
has  confirmed  the  opinion  that  rotary  furnaces  are  not  being  put  to 
their  best  use  when  used  for  melting  pig,  and  that  they  should  be 
supplied  with  liquid  metal,  either  directly  from  a  blast-furnace  or 
mixer,  or  from  a  cupola. 
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Standardisation  of  Foondry  Practice.— 3.  W.  Wise  {Paper  read 
before  the  British  Foundrymen's  Association,  November  30,  1918 ; 
Foundry  Trade  Journal,  February  1919,  vol.  21,  pp.  95-97)  deals  with 
the  standardisation  of  foundry  practice,  and  discusses  the  variable 
factors  governing  cupola  operations. 

Cupola  Practice. — P.  K.  Ramp  (Iron  Age,  April  11,  1918,  vol.  101, 
pp.  946-948)  deals  with  troubles  encountered  in  cupola  practice  owing 
to  the  difficulty  of  obtaining  fuel  of  uniform  quality.  The  keeping  of  the 
cupola  itself  in  good  maintenance  and  repair  is  very  important ;  the 
lining  should  be  seen  to  daily  and  all  slag  clinging  to  the  walls  removed, 
even  if  in  so  doing  a  brick  or  two  be  sacrificed.  Daubing  should  not 
be  too  thick  or  it  mUl  crack  off.  The  preparation  of  the  sand  bottom 
and  the  technique  of  the  taphole  are  dealt  with!  Extra  coke  beds 
must  be  used  to  ofbet  poor  fael,  and  uniform  charging  is  a  great  help 
to  uniform  working,  as  pockets  can  thereby  be  prevented.  Charging 
machines  have  proved  valuable  adjuncts  in  foundry  practice. 

Steel  Foundry  Practice. — D.  D.  MacGuffie  {Paper  read  before  the 
British  Foundrymen*s  Association,  November  1918  ;  Foundry  Trade 
Journal,  February  1919,  vol.  21,  pp.  85-89)  describes  the  manufacture 
of  steel  castings  by  the  crucible,  Tropenas,  Stock  oil-fired  converter, 
and  electric  furnace  processes. 

C.  M.  Campbell  {Proceedings  of  Steel  Treating  Research  Society, 
July  1918,"  vol.  1,  No.  10,  pp.  7-20)  describes  small  converter  practice 
in  the  manufacture  of  steel  castings.  Converter  metal  always  contains 
a  higher  percentage  of  oxides  than  either  open-hearth  or  electric 
furnace  metal,  hence  the  loss  of  manganese  and  silicon  per  ton  is 
greater.  As  deoxidisers  manganese  and  silicon  are  comparatively 
plow  under  the  best  conditions,  and  cannot  do  their  work  to  the  extent 
of  producing  sound  castings.  In  any  case  the  recarburiser  should 
be  added  molten  in  order  to  conserve  as  much  heat  as  possible  and 
promote  rapid  action.  To  finish  the  work  left  undone  by  these  elements, 
a  final  addition,  either  of  f  erro-carbon,  titanium,  or  aluminium,  is  made 
in  the  ladle  or  in  the  stream  of  metal.from  the  converter  to  the  ladle, 
which  is  held  five  minutes  to  allow  the  reaction  to  be  completed.  The 
moulding  sand  is  a  high-grade  silica  sand  with  grains  of  such  size  and 
shape  as  to  maintain  the  correct  porosity  and  bonding  power.  The 
correct  mixing  of  the  sand  and  fireclay  in  proper  proportions  is  of  vitaj 
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importance.  Some, notes  on  methods  of  casting  and  heat  treating 
the  castings  are  given. 

E.  R.  Swanson  {Blast-Furnace  and  Sted  Plant,  November  1918, 
vol.  6,  pp.  455-456)  gives  notes  on  steel  foundry  practice  in  producing 
army  ordnance  steel  castings,  with  some  reference  to  physical  pro- 
perties and  composition  of  the  three  principal  grades  of  steel  castings 
for  the  United  States  Ordnance  Department. 

R.  F.  Flinterman  (Iron  Age,  May  30,  1918,  vol.  101,  pp.  1398-1399) 
deals  with  "  reversed  duplexing  "  in  electric  steel  furnace  practice,  with 
special  reference  to  the  production  of  small  castings.  Two  furnaces 
are  used,  one  with  a  basic  lining,  as  a  feeder,  and  one  with  an  acid 
lining  to  finish  in.  This  may,  however,  be  omitted  and  methods  speeded 
up.  Charging,  done  on  a  system  whereby  higher  wages  are  paid  the 
shorter  the  time  and  vice  versa,  has  improved  the  time  basis.  Certain 
changes  in  furnace  construction  have  also  been  carried  out.  The 
results  now  obtained  have  been  so  satisfactory  and  economical  that 
the  suggested  reversed  duplexing  has  been  postponed  in  favour  of 
the  methods  now  described. 

Largd  Steel  Castings. — Sir  R.  Hadfield,  in  an  address  to  the  Faraday 
Society  {Iron  and  Coal  Trades  Review,  February  7,  1919,  vol.  98,  p. 
161),  refers  to  the  production  of  large  steel  castings.  As  an  instance, 
he  described  a  particular  application,  namely,  hydraulic  cylinders  for 
cotton  baling  presses,  which  are  now  being  produced  successfully. 
The  cylinders,  cast  of  steel  and  not  forged  or  pressed  in  any  way, 
are  of  a  particularly  dif&cult  nature,  in  some  cases  running  up  to 
lengths  of  over  30  feet. 

Electric  Steel  Foimdry  in.  America. — Practice  with  a  Booth-Hall 
electric  furnace  for  foundry  work  is  described  by  C.  Lundberg  {Iran  Age, 
December  26, 1918,  vol.  102,  pp.  1563-1569).  The  furnace  is  at  the  works 
of  the  Avery  Company,  Peoria,  Illinois.  It  has  a  rated  capacity  of  IJ 
ton  and  makes  five  heats  per  twelve-hour  day.  The  furnace  is  operated 
basic,  and  the  magnesite  lining  is  carried  up  to  the  roof,  which  is  of 
silica  brick.  A  little  ferro-manganese  and  ferro-silicon  arc  added 
before  tapping,  and  a  little  aluminium  is  added  to  the  ladle.  The 
plant  also  comprises  four  Whiting  cupolas  for  grey  iron  and  semi-steel 
castings.  • 

Semi-Steel  Shells.— An  illustrated  account  is  published  of  the 
methods  of  moulding,  casting,  and  machining  s^mi-steel  shells  {Iron 
Trade  Review,  November  28, 1918,  pp.  1229-1237). 

Instructions  issued  by  the  .United  States  Ordnance  Department 
for  the  manufacture  of  semi-steel  shells  are  abstracted  as  a  guide  to 
manufacturers  {Iron  Age,  November  28, 1918,  vol.  102,  pp.  1317-1321). 
They  give  details  of  the  chemical  requirements,  the  cupola  operations, 
oore  making,  moulding,  and  cleaning. 
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Briquetting  of  Steel  Tnrniiigs.— A.  Harrison  (Transadions  of  the 
Manchester  Association  of  Engineers,  1917-18,  pp.  409-419)  deals 
with  the  briquetting  of  metal  turnings  and  borings,  and  describes  the 
practice  at  the  works  of  Tweedales  &  Smalley,  Limited,  of  Castleton. 

Pattems. — J.  Homer  {Foundry  Trade  Journal^  February  1919, 
vol.  21,  pp.  90-94)  discusses  the  leading  principles  which  control  the 
production  of  patterns  and  moulds  for  engine  cylinder  castings. 

Preparation  of  Foundry  Sand. — ^H.  B.  Hanley  {Iron  Trade  Review, 
October  17,  1918,  vol.  63,  pp.  891-894)  considers  the  effect  of  varying 
the  proportions  of  the  ingredients  in  mixing  foundry  sands,  the  re- 
claiming of  sand  by  using  selected  plastic  clay  and  the  advantages  of 
the  muUer  type  of  mixer.  The  mullers  shoidd  be  carefully  adjusted 
so  as  not  to  rest  on  the  pan,  otherwise  the  material  may  be  ground  to 
a  powder  and  the  grain  size  and  grade  of  the  mixture  will  be  altered. 
In  using  green  sand  facings  containing  sea-coal,  the  percentage  of  coal 
should  not  exceed  6  per  cent.,  otherwise  the  bond  may  be  seriously 
weakened. 

Mixing  Foundry  Core  Sand. — ^K.  Grimshaw  {Iron  Age,  October  3, 1918, 
vol.  102,  p.  807)  discusses  the  various  methods  in  use  for  securing 
maximum  porosity  and  strength  in  cores.  The  requirements  also 
include  infusibility,  firmness,  and  ease  in  shaking  out.  An  aggregate 
— or  sand — should  therefore  be  used  which  will  leave  as  large  interstices 
as  possible  among  the  particles  to  be  bonded. 

Blanufactnre  of  Cast  Steel  Chain. — A.  E.  Crockett  {Proceedings  of 
the  Engineers*  Society  of  Western  Pennsylvania,  1919,  vol.  35,  pp.  1-25) 
describes  the  casting  of  steel  anchor  chain  in  sand  moulds.  For  con- 
necting the  links  two  processes  were  tried,  both  of  which  were  found 
to  be  satisfactory.  One  consisted  of  pouring  the  entire  chain  from  one 
heat  into  previously  prepared  and  united  moulds  by  filling  one  inter- 
linked mould  impression  after  another.  In  the  other,  half  the  links 
comprising  a  complete  length  of  chain  were  cast  separately,  shaken 
out,  cleaned,  inspected,  and  made  ready  for  incorporation  into  finished 
chain.  Subsequently  these  links  were  placed  into  mould  cavities  and 
coupled  up  into  continuous  chain  by  pouring  metal  into  other  moulds 
containing  impressions  for  similar  links  interlinked  with  the*  pre-cast 
chain.    Details  of  the  tests  subsequently  applied  are  given. 

Casting  Iron  Piston  Rings.-^E.  F.  Cone  {Iron  Age,  October  3,  1918, 
vol.  102,  pp.  801-807)  deals  with  the  special  difl&culties  met  with  in  manu- 
facturing iron  piston  rings  for  automobile  and  air  plane  engines.  No 
less  than  200,000,000  such  rings  are  now  made  annually  in  the  United 
States,  and  by  the  De  Lavaud  process,  18,000  to  20,000  can  be  made  per 
eight  to  ten  hour  shift  by  centrifugal  casting  in  a  special  machine.    The 
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hot  metal  is  introduced  into  a  rapidly  revolving  pennanent  mould 
when  it  centrifugalises  against  the  outer  surface,  solidifies,  cools,  and 
after  removing  is  annealed  and  its  inner  surface  ground  on  another 
special  machine.  The  composition  of  the  metal  which  is  melted  in  a 
very  small  cupola  approximates  to  the  following : 

Fier  Gent 

Total  carbon 3*292 

Silicon 2-066 

Sulphur 0-061 

Manganese 0-437 

Phoephorus 0-772 

The  tensile  strain  values  are  very  high,  and  the  coefficient  of  elasticity  is 
in  the  neighbourhood  of  21,000,000  lbs.  per  square  inch,  but  the  elastic 
behaviour  of  the  rings  as  cast  centrifugally  and  sand-cast  rings  differs, 
and  the  ultimate  resilience  of  the  former  is  three  times  that  of  the 
latter.  The  Brinell  hardness  of  the  machine-cast  rings  is  177,  whereas 
that  of  the  sand-cast  rings  is  241,  or  36  per  cent,  higher. 

Castings  used  in  Ship  Construction.— B.  Shaw  and  J.  Edgar  describe 
the  casting  of  special  ship  castings,  such  as  rudders  and  rudder  posts, 
including  the  making  of  the  templates,  patterns,  cores,  and  moulds 
(Foundry  Trade  Journal,  November  1918,  vol.  20,  pp.  579-584  and 
635-640). 

IKalleable  Cast  Iron.— T.  Turner  (Journal  of  the  West  of  Scotland  Iron 
and  Sled  Institute,  1917-18,  vol.  25,  pp.  285-302)  contrasts  British  and 
American  practice  in  the  manufacture  of  malleable  cast  iron,  and  dis- 
cusses the  theory  underlying  both  processes.  He  predicts  that  in  the 
future  the  black  heart  process  will  be  the  prevailmg  one  in  use  both 
in  the  United  Kingdom  and  in  America. 

H.  B.  Diller  (Paper  read  before  the  American  Foundrymen's  Associa- 
tion ;  Iron  Trade  Review,  December  19,  1918,  vol.  63,  pp.  1414^-1416) 
describes  experiments  conducted  to  determine  the  time  necessary  for 
annealing  malleable  cast  iron.  The  results  lead  to  the  belief  that 
annealing  can  be  carried  out  in  forty-eight  hours,  using  a  continuous 
car-type  heating  furnace. 

Accidents  in  Foundries. — C.  C.  Sherlock  (Iron  Age,  November  21, 
1918,  vol.  102,  pp.  1262-1263)  deals  with  the  causes  of  accidents  to 
worlanen  from  molten  metal  in  foundries,  their  prevention,  and  the 
various  aspects  of  employers'  liability  and  the  obligation  to  provide 
safety  appliances  and  instruct  the  workman  how  to  avoid  danger. 
Such  accidents  as  occur  are  due  mostly  to  water  or  moisture  in  mouUls, 
and  to  rust,  moisture,  or  dust  causing  explosions  of  molten  metal. 
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Aoid  Bessemer  Practice  in  America.-— B.  S.  McCaSery  {Blast- 
Furnace  and  Sted  Plant,  March  1919,  vol.  7,  ]^p.  140-146)  discusses 
American  acid  Bessemer  practice  from  the  special  standpoints  of  the 
chemistry  of  the  manganese  oxidation  blow  and  the  elimination  of 
*'  spitting"  by  temperature  control  daring  the  blow.  After  investigating 
the  theory  of  the  reactions  and  the  thermal  data,  he  concludes  that  the 
2Mn  -f-  Oi  =s  2MnO  reaction  is  not  reversible  at  temperatures  possible 
in  a  Bessemer  converter,  as  many  blows  were  finished  at  1820°  or  200°  C. 
above  normal  temperature,  and  in  these  blows  the  manganese  was 
completely  oxidised.  In  other  blows  in  which  residual  manganese 
was  formed  the  silicon  in  the  pig  was  always  high  and  always  residual 
with  the  manganese,  the  explanation  being  that  the  eajdy  and  middle 
parts  of  the  blow  were  carried  on  at  a  high  temperature,  causing  the 
manganese  carbide  to  stay  behind  in  the  metal  and  reduce  silica. 
"  Spitting "  can  be  reduced  or  entirely  eliminated  by  temperature 
control  during  the  blow.  For  this  purpose  the  steam  line  into  the 
converters  experimented  with  was  increased  in  size,  because  scrap 
was  not  available  to  add  to  the  hot  charge  to  lower  its  temperature. 
By  steaming  during  the  manganese  blow,  and  thus  keeping  the  tempera- 
ture down,  the  manganese  carbide  is  burnt  out  early,  its  detrimental 
reducing  action  prevented  and  *'  spitting  "  stopped. 

Basic  Steel  Mannfactore. — The  Davies  process  of  eliminating  the 
impurities  in  the  basic  steel  process  is  described  {Jottmal  of  the  Iron 
and  Sted  Trades  Confederation  ;  Foundry  Trade  Joumcd,  October  1918, 
vol.  20,  pp.  541-542).  The  bath  is  lined  with  a  layer  of  highly  heated 
slag  of  a  rich,  limey,  and  oxidising  nature,  which  ^owly  liquefies  when 
the  molten  pig  iron  is  poured  upon  it  and  works  up  through  the  bath, 
continuing  its  oxidising  action  when  floating  on  the  surface.  In  this 
process  the  manganese  content  of  the  original  pig  iron  does  not  matter, 
as  deoxidation  is  of  no  account  until  the  finishing  period.  Increased 
yield  and  economy  in  additions  are  claimed  for  the  process* 


Digitized  by 


Googk 


662  THE  IBON  AND  STEEL  INDUSTRIES. 

Manganese  Alloys  in  Open-Heartli  Practice.— S.  L.  Hoyt  (BuUetin 
of  ike  American  Institute  of  Mining  Engineers,  February  1919,  pp. 
279-289)  deals  with  the  use  of  manganese  alloys  in  open-hearth  practice 
from  the  point  of  view  of  economy  and  efficiency.  The  manganese 
specification  should  be  omitted  except  in  cases  where  the  amount  of 
manganese  present  in  the  finished  steel  has  some  definite  bearing  on 
the  properties  or  heat  treatment  of  the  steel.  When,  therefore,  only 
casting  and  rolling-mill  practice  are  involved  the  manufacturer-should 
be  allowed  to  use  his  own  judgment  as  to  the  amoimt  of  manganese 
required.  It  has  been  estimated  that  this  alone  would  save  54,000 
tons  of  80  per  cent,  manganese  per  annum  in  the  United  States.  The 
use  of  manganese-silicon  alloys  is  also  discussed  from  the  points 
of  view  of  acid  open-hearth,  electric  furnace,  and  basic  open-hearth 
practice. 

Deoxidation  of  Steel  by  Feno-Manganese.— A.  L.  Feild  {Journal 
of  Industrial  and  Engineering  Chemistry,  March  1919,  vol.  11,  pp.  242- 
245)  discusses  the  theory  of  the  deoxidation  of  steel  by  ferro-manganeae. 
Samples  of  severely  over-oxidised  steel,  and  of  the  same  metal,  to 
which  ferro-manganese  and  ferro-silicon  had  been  added,  have  been 
found  to  have  the  same  oxygen  content.  Present  knowledge  regard- 
ing the  true  function  of  ferro-manganese,  ferro-silicon,  and  other 
deoxidisers  is  insufficient  to  explain  the  contradictions  with  the  current 
theory  of  deoxidation  which  have  been  established  by  the  experiments 
of  several  investigators. 

Deoxidation  of  Steel  by  SUico-Manganese.— 6.  Sirovicb  (MeiaUurgia 
Italiana,  September  1918,  vol.  10,  pp.  353-367)  discusses  the  use  of 
silico-manganese  as  a  deoxidiser  in  steel-making.  A  great  economy 
in  the  consumption  of  manganese  can  be  effected  by  using  silico- 
manganese  containing  50  to  60  per  cent,  manganese,  22  to  25  per  cent, 
silicon,  and  20  per  cent,  iron  for  the  refining  of  ordinary  commercial 
steels ;  and  the  advantage  to  the  Italian  industry  is  that  silico-man- 
ganese can  be  manufactured  from  the  abundant  domestic  mineral 
supplies  of  low-grade  manganese  ores,  whereas  for  high-grade  ferro- 
manganese  the  ores  have  to  be  imported  from  India. 

Repairing  Steel  Furnace  Stacks.— The  stacks  of  some  pit  furnaces 
at  the  works  of  the  Pittsburg  Crucible  Steel  Company,  which  were 
badly  corroded  by  gas,  have  been  repaired  by  building  reinforced 
self-supporting  shells  around  them,  a  cement  gun  being  employed  for 
the  work.  A  framework  of  reinforcing  steel  rods  ^as  first  bolted  to 
the  outside  of  the  stack,  and  a  special  cement,  called  gunite,  was  applied 
at  the  rate  of  20  to  25  feet  a  day.  The  stacks  were  125  feet  high  and 
6  feet  diameter  at  the  top.  To  cover  one  stack  1100  cubic  feet  of 
finished  gunite  was  required.    Except  for  a  few  days,  the  stacks  were 
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kept  in  constant  operation  during  the  progress  of  the  work.    (Blast- 
Furnace  and  Steel  Plant,  October  1918,  vol.  6,  pp.  399-400.) 

Water-Cooled  Equipment  for  Open-Hearth  Fi^naoes.— W.  C.  Coffin 
(BuUetin  of  the  American  Institute  of  Mining  Engineers,  February  1919, 
pp.  497-515)  describes  water-cooled  devices  for  open-hearth  furnaces, 
mostly  on  the  Ejiox  principle,  including  doors  and  frames,  tilting 
furnaces  and  ports.  The  Neeland  water-cooled  buck-stay  is  also 
described.  Coolers  are  now  also  used  in  the  bulk-head  that  forms 
the  back  wall  of  the  gas  uptake.  Diagrams  and  details  are  given  of 
the  Knox  gas  and  air-reversing  valve.  In  all  these  devices  care  is 
required  that  water  should  not  be  wasted.  It  should  have  a  leaving 
temperature  between  17ff'  and  180°  F. 

G^UB-Reversing  Valve. — A  new  Wellman-Seaver-Morgan  gas-reversing 
valve  is  illustrated  and  described  {Blast-Furnace  and  Steel  Plant,  March 
1919,  vol.  7,  p.  132).  It  is  similar  in  principle  to  the  Foster  valve,  the 
operating  mechanism  being  outside  the  casing.  The  advantages 
claimed  for  it  comprise  rapid  reversibility,  compactness,  and  small 
space.  The  weight  of  the  hood  is  counterbalanced  by  the  weights  of 
the  lever  arm  in  such  a  way  that  the  hood  is  in  balance  in  any  position. 

Steelworks  Equipment — F.  Somers  (Paper,  read  before  the  Stafford- 
shire Iron  and  Steel  InMitute,  January  11,  1919  ;  Irori  and  Coal  Trades 
Review,  January  17,  1919,  vol.  98,  p.  70)  deals  with  the  handling  of 
materials  at  iron  and  steel  works. 

Electric  Furnaces  of  Special  Type.— A.  Sahlin  (Paper  read  at  the 
Joint  Meeting  of  the  Iron  and  Steel  Institute  and  the  Institution  of 
Electrical  Engineers,  May  8,  1919 ;  Iron  and  Coal  Trades  Review, 
May  9,  1919,  vol.  98,  p.  618)  describes  a  new  typo  of  electric 
furnace,  designed  with  a  view  to  embod3dng  the  advantages  of  both 
the  direct  arc  and  the  free-burning  arc  types,  while  avoiding  as  fy 
as  possible  the  disadvantages  of  both.  The  furnace  is  built  of 
heavy  steel  plates  as  u  circular  ladle  with  contracted  top  and  dished 
bottom.  The  bottom  is  made  up  of  a  layer  of  coke  dust  and  tar 
rammed  in,  supporting  double  layers  of  brick.  On  top  of  this  is 
rammed  and  fixed  in  successive  layers  a  hearth  consisting  of  burnt 
dolomite  and  tar  for  basic  operation,  or  of  ganister  for  acid. 
Supported  and  resting  on  the  firebrick,  outside  the  hearth,  is  placed 
a  circular  lining  back^  by  a  heavy  insulating  layer  of  asbestos  sheets 
and  formed  of  circle-bricks  laid  with  ground  joints  and  thin  mortar. 
This  lining  may  be  made  of  magnesite  brick  for  basic  process  or  of 
silica  brick  for  acid  process.  In  the  lining  are  placed  on  the  same 
vertical  lines  two  holes  for  each  pair  of  electrodes.  On  top  of  the 
contracted  top  of  the  side  lining  rests  a  dome-shaped  roof  built  of  acid 
or  basic  brick  and  fitted  in  a  circular  steel  frame,  which  can  be  quickly 
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removed  by  a  crane  and  replaced  by  another  pre-heated  roof  held  in 
readiness. 

Graphite  or  carbon  electrodes  are  used,  of  cylindrical  form,  and  are 
extended  as  they  are  burnt  away  by  screwing  a  new  section  to  the 
rear  end  of  the  electrode  in  operation.  The  number  of  electrodes 
proposed  varies  from  one  pair  for  a  furnace  hearth  up  to  3  ft.  6  in.  in 
diameter  to  six  pairs  for  a  hearth  from  9  feet  to  11  feet  in  diameter. 
Direct  or  single  phase  current  is  used  for  a  one-pair  furnace,  two  phase 
for  a  two-pair,  and  three  phase  for  a  three-pair  furnace,  while  when 
there  are  more  than  three  pairs  groups  of  two  pairs  are  coupled  in 
parallel.  If  the  furnace  is  to  be  used  for  melting  and  refining  steel, 
the  furnace  is  first  heated  by  the  free-burning  arc,  the  electrodes 
are  drawn  back  and  the  charge  put  in.  The  electrodes  are  then 
advanced  again.  Numerous  momentary  arcs  are  formed  between  the 
upper  electrodes  and  the  charge,  but  as  the  latter  is  melted  away 
in  the  vicinity  of  the  electrodes  the  regular  free-burning  **  broom  *' 
arc  is  formed,  the  radiation  and  reflection  caused  by  it  being  most 
effective  for  rapid  melting.  As  the  bath  is  formed,  this  kind  of  arc 
reaches  only  the  slag-covered  siirface  of  the  metal,  and  there  is  but 
little  circtdation  in  the  interior.  The  free-burning  arcs  are  therefore 
now  broken  by  the  retirement  of  the  lower  electrodes  and  a  direct 
arc  is  formed  by  advancing  the  upper  inclined  electrodes  towards  the 
surface  of  the  slag,  the  result  being  a  rapid  circulation  in  the  bath 
and  direct  transfer  of  heat  to  the  metal. 

W.  E.  Booth  {Paper  read  at  the  Joint  Meeting  of  the  Iron  and  Steel 
Institute  and  the  Institvtion  of  Electrical  Engineers,  May  8,  1919  ;  Iron 
and  Coal  Trades  Review,  May  9,  1919,  vol.  98,  pp.  617)  describes  the 
Booth-Hall  electrio  furnace.  The  design  of  this  furnace,  which  is 
built  single,  two  or  three  phase,  to  suit  varying  conditions,  is  based 
on  the  emplo3rment  of  a  solid  hearth  which  becomes  conductive  of 
electricity  when  hot,  and  of  an  auxiliary  electrode  which  acts  as  a 
return  for  the  current  until  the  hearth  becomes  heated  and  conductive. 
The  auxiliary  electrode  is  so  arranged  that  it  can  be  lowered  so  as  to 
press  with  its  whole  weight  on  top  of  the  charge,  and  consequently  no 
arc  can  form  underneath  it.  When  the  hearth  becomes  conductive 
the  auxiliary  is  withdrawn  from  contact  with  the  charge. 

In  making  steel  for  the  ordinary  grade  of  steel  castings  the  furnace 
has  been  worked  with  a  power  consumption  as  low  as  446  kilowatt 
hours  per  2000  lb.  of  steel  poured,  but  the  average  will  be  between 
600  and  560  kilowatt  hours  per  net  ton  for  continuous  operation. 

A  description  is  published  {Blast-Fumace  and  Steel  Plant,  Novem- 
ber 1918,  vol.  6,  pp.  44^-445)  of  the  method  of  operation  and  equip- 
ment of  a  2-ton  H6roult  furnace,  chiefly  producing  nichrome.  The 
power  for  the  furnace  is  furnished  in  the  form  of  two-phase,  60-cycle, 
2200-volt  current,  transformed  to  110  volts  by  two  transformers  of 
the  oil-insulated  self-cooled  type.  A  Thury  regulator  automatically 
maintains  an  approximately  constant  current  at  the  furnace  electrodes, 
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each  electrode  having  a  separate  regulating  mechanism  and  a  raising 
and  lowering  motor. 

W.  H.  Easton  {Electrical  World,  August  17,  1918,  vol.  72,  pp.  295- 
297)  also  describes  the  working  of  a  2-ton  H6roult  furnace  at  the 
works  of  the  Driver  Harris  Company,  New  Jersey,  for  the  manufacture 
of  nichrome  and  nickel  steel.  The  metal  constituents  are  charged 
cold  into  the  furnace.  The  furnace  is  automatically  regulated,  and 
as  soon  as  the  charge  becomes  hot  the  average  power  consumption  is 
held  nearly  constant  by  the  regulator,  though  the  actual  power  con- 
sumption fluctuates  widely  and  rapidly,  owing  to  short-circuits  between 
the  electrodes  and  the  charge.  The  power  curve  is  more  irregular 
with  nickel  steel  than  with  nichrome.  The  temperature  in  the  furnace 
averages  about  1200^  C. 

H.  Etchells  {Journal  of  the  Birmingham  MetdUurgical  Society, 
March  1919,  vol.  7,  Part  III.,  pp.  125-142)  deals  with  the  function  of 
the  electric  furnace  in  modem  engineering  practice,  and  gives  a  brief 
classification  of  the  various  types  of  electric  furnaces. 

The  Relation  of  Electric  Steel  Fnmaces  to  Central  Power  Stations.— 

The  number  of  electric  steel  furnaces  in  the  United  States  is  given  at 
about  300  {Chemical  and  Metallurgical  Engineering,  January  15,  1919, 
vol.  20,  pp.  73-76).  Most  of  these  are  located  in  small  and  medium-sized 
steel  foimdries,  and  the  extension  of  such  plants  is  dependent  on  ade- 
quate and  cheap  electric  power  supply.  Electric  steel-smelting  opera- 
tions make,  however,  very  varying  demands  on  power  supply,  and  the 
loads  become  very  heavy  during  the  working  of  a  heat.  For  this 
reason  it  may  be  feasible  to  arrange  for  heats  to  be  made  during  the 
night  hours  when  the  peak  loads  are  smaller,  or  in  any  case  to  avoid 
working  heats  when  the  load  factors  for  power  use  for  other  purposes 
are  high. 

Electric  Steel  Fomace  Practice. — ^R.  G.  .Mercer  {Paper  read  before 
the  Joint  Meeting  oj  the  Iron  and  Steel  Institute  and  the  Imtitution 
of  Electrical  Engineers,  May  8,  1919 ;  Iron  and  Coal  Trades  Review, 
May  9,  1919,  vol.  98,  pp.  609-611)  deals  with  the  operation  and  out- 
put of  various  types  of  electric  furnaces  in  the  United  Kingdom 
under  actual  working  conditions. 

There  are  installed,  or  being  installed,  141  electric  furnaces  with  a 
total  capacity  of  112,000  k.v.a.  Of  these,  24  are,  or  will  be,  used 
for  Swedish  substitute,  cupro  nickel,  alundum,  manganese  copper, 
and  ferro  alloys.  The  remaining  117  are  electric  steel  furnaces  having 
a  total  charging  and  k.v.a.-capacity  of  384  tons  and  98,769  k.v.a. 
respectively,  and  a  total  nominal  output  of  31,170  tons  per  month, 
based  on  five  days  a  week,  four  weeks  per  month.  Assuming  that  all 
these  furnaces  are  working  at  full  load,  the  total  nominal  output  at 
the  end  of  a  year  would  be  405,000  tons. 

As  regards  the  type  and  nominal  monthly  capacity  of  the  steel 
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furnaces  there  were  45  Heroult  furnaces  (13,760  tons),  27  Electro-Metals 
(6740  tons),  26  Greaves-Etchells  (5680  tons),  6  Snyder  (1200  tons), 
5  Stobie  (2600  tons),  4  Rennerfelt  (730  tons),  2  Stassano  (240  tons), 
and  2  "  Special  "  made  by  the  user  (280  tons). 

The  author  gives  a  number  of  tables,  compiled  from  returns  furnished 
to  the  Ministry  of  Munitions,  showing  the  comparative  performance 
of  the  same  or  different  types  of  electric  furnaces  working  as  nearly 
as  possible  on  the  same  class  of  steel  and  under  similar  Conditions. 
In  the  author's  opinion  the  tilting  gear  and  general  arrangement  of 
electrode  feed  gear  in  certain  types  have  not  been  designed  to  with- 
stand the  conditions  in  a  steelworks.  Water-coojed  collars  at  the 
electrode  entrance  in  the  roof  have  been  a  source  of  constant  trouble 
and  delay.  The  author  disapproves  of  the  water-cooled  electrode- 
holder,  regarding  its  use  as  an  admission  that  it  is  exposed  to  the 
hot  gases  coming  through  the  roof  at  the  electrode  entrance,  which, 
therefore,  has  no  suitable  economiser  or  seal,  or  that  it  has  not  proper 
electrical  contact  round  the  electrode.  One  of  the  great  difficulties 
experienced  with  large  furnaces  is  due  to  thermal  expansion  and  con- 
traction of  the  parts,  and  to  the  cost  of  repairing  and  replacing  the 
heating  units. 

J.  Lonergan  (Chemical  and  Metallurgical  EngiTieenng,  March  1, 
1919,  vol.  20,  p.  245)  deals  with  the  elimination  of  phosphorus  and 
sulphur  in  electric  ferro-manganese  furnaces.  Attempts  to  smelt  a  high 
phosphorus  ore  by  using  an  excess  of  lime  failed  to  give  good  results, 
the  ferro-manganese  steel  containing  0*6  per  cent,  of  phosphorus,  but 
by  mixing  sufficient  low  phosphorus  ore  no  trouble  was  experienced. 
Tables  are  given  showing  an  elunination  of  47*6  per  cent,  of  phosphorus, 
of  which  31*4  per  cent,  was  carried  ofE  through  the  ventilators.  Most 
of  the  loss  appears  to  be  mechanical  and  due  to  the  volatilisation  of 
phosphorus  ;  98  per  cent,  of  the  original  sulphur  was  also  eliminated. 

J.  Escard  (Revue  GeneraU  des  Sciences,  July  15*,  1918,  vol.  29, 
No.  13,  pp.  401-413)  gives  a  general  review  of  practice  in  the  refining 
of  steel  in  the  electric  furnace.  The  main  features  of  the  following 
lumacea  and  their  methods  of  working  are  described :  the  Heroult, 
Stassano,  Eennerfelt,  Girod,  Keller,  Chaplet,  Nathusius,  a  special 
induction  furnace  designed  and  in  use  at  the  works  of  Saint  Jaques, 
de  Montlu9on,  the  Hiorth,  and  the  Bochling-Eodenhauser. 

F.  J.  MofEett  (Pajter  read  before  the  Staffordshire  Iron  and  Steel 
Ir^itute,  November  9,  1918)  outlines  the  recent  development  of  the 
electric  steel  furnace. 

V.  Stobie  {Pamper  read  bejore  the  Joint  Meeting  oj  the  Iron  and  Sted 
InstiitUe  and  the  Institution  of  Electrical  Engineers,  May  8,  1919 ; 
Iron  and  Coat  Trades  Review,  May  9,  1919,  vol.  98,  pp.  618-^20),  in 
dealing  with  large  electric  steel-melting  fiumaces  discusses  a  number 
of  points,  including  wiring  and  shapes  of  furnaces,  arc  phenomena, 
transformers,  and  methods  of  economising  electrodes. 

H.  A.  Greaves  (Paper  read  at  the  Joint  Meeting  oj  the  Iron  and 
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Steel  Institute  and  the  InstittUion  of  Electrical  Engineers y  May  8,  1919  ; 
Iron  and  Coal  Trades  Review,  May  9,  1919,  vol.  98,  pp.  621-622)  deals 
with  the  application  of  electrical  energy  to  the  melting  of  metals. 

Manniactnre  oi  High-Speed  Steel. — ^F.  B.  Lounsberry  (Proceedings 
of  Sted  Treating  Research  Society,  1918,  vol.  1,  No.  10,  pp.  24-32) 
discusses  practice  in  the  selection  of  raw  materials  for  high-speed  steel 
and  the  methods  of  manufacture. 

T.  L.  Thorne  {Proceedings  of  Steel  Treating  Research  Society,  1918, 
vol.  1,  No.  11,  pp.  33-43)  describes  the  procedure  in  the  manufacture 
of  high-speed  steel  tools.  Analyses  of  typical  high-speed  steels  are 
given. 

Electrodes  for  Steel  Faniaces.>— J.  A.  Holden  {Foundry  Trade 
Journal,  October  1918,  vol.  20,  p.  537)  compares  the  amorphous  carbon 
electrodes  made  in  Great  Britain  during  the  war,  with  imported 
American  amorphous  electrodes.  In  joining  them  a  paste  is  necessary, 
in  contradistinction  to  graphite  electrodes,  which  can  be  machined,  and 
best  quality  Ceylon  plumbago  mixed  with  hot  anhydrous  tai  is  an  excel- 
lent material  for  this  purpose.    The  method  of  jointing  is  described, 

A  translation  of  an  illustrated  article  from  Stahl  und  Eisen  (1912, 
vol.  32,  p.  1857)  has  appeared  {Chemical  and  Metallurgical  Engineering^ 
August  15, 1918,  vol.  19,  pp.  179-184)  dealing  with  the  selection,  mixing, 
and  firing  of  materials  for  the  manufacture  of  electrodes  for  metallur- 
gical electric  furnaces,  and  their  testing.  A  bibliography  of  technical 
and  patent  literature  is  appended. 

Eleetrode  Annealing  Furnace. — An  illustrated  description  is  given 
{Iron  and  Coal  Trades  Review,  January  24,  1919,  vol.  98,  p.  103)  of 
a  gas-fired  furnace  for  annealing  electrodes.  The  heating  chamber  is 
arranged  to  accommodate  six  electrodes  at  a  time,  of  sizes  up  to  22 
inches  in  diameter. 

Hannfactnre  of  Ferro-Alloys.— J.  Escard  {Revue  Generate  des 
Sciences,  December  15, 30, 1918,  vol.  29,  pp.  673-680, 706-713)  describes 
in  detail  the  manufacture  of  the  ferro-alloys  in  common  use  in  steel- 
making  and  in  the  production  of  special  steels.  The  alloys  dealt  with 
are  ferro-chrome,  ferro-silicon,  ferro-manganese,  ferro-vanadium, 
ferro-molybdenum,  ferro-titanium,  ferro-tungsten,  ferro-aluminium, 
and  ferro-nickel.  The  manufacture  of  all  these  in  the  electric  furnace 
is  considered,  and  notes  of  the  properties  and  uses  of  the  products  are 
given. 

J.  W.  Bichards  {Chemical  and  Metallurgical  Engineering,  September 
28, 19l8,vol.  19,  pp.  501-504)  deals  briefly  with  all  the  industrial  ferro- 
alloys, including  those  containing  manganese,  silicon,  aluminium, 
chromium,  tungsten,  molybdenum,  vanadium,  titanium,  boron,  and 
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uranium.  But  little  is  as  yet  known  of  the  properties  of  the  two  last- 
named  alloys,  ferro-boron  and  ferro-uranium,  and  much  further 
research  work  is  required. 

The  use  of  pure  manganese  for  making  alloys  in  which  iron  would 
be  detrimental,  and  for  which  ferro-manganese  cannot  therefore  be 
used,  is  briefly  noted  and  discussed  by  A.  F.  Braid  (BuUetin  of  the 
American  Instititte  of  Mining  Engineers,  November  1918,  pp.  1697-1698). 

J.  W.  Evans  (Transactions  of  the  Canadian  Mining  Institute,  1918, 
vol.  21,  pp.  154-161)  describes  the  manufacture  of  ferro-molybdenum 
at  Belleville,  Ontario.  Ferro-molybdenum,  made  directly  from  con- 
centrate, was  first  produced  commercially  in  Canada  at  Belleville  on 
March  23,  1916.  The  concentrates  were  mixed  with  lime  and  coke 
and  charged,  without  previous  roasting,  into  an  electric  furnace.  The 
furnace  charge  varies  with  the  grade  of  the  concentrate.  A  75  i)er 
cent.  MoSs  concentrate,  carr3dng  9  per  cent,  of  iron,  will  yield  a  70  per 
cent,  ferro,  if  the  charge  is  made  up  as  follows  : 

Lb, 

Conoentmte 100 

Lime 120 

Coke 10 

Scrap  steel      .         .         .  ' .6 

Ptodactton  of  Tungsten. — J.  L.  F.  Vogel  {Paper  read  at  the  British 
Science  OuHd  Exhibition,  August  30, 1918 ;  Mining  Magazine,  January 
1919,  vol.  20,  No.  1,  pp.  12-17)  describes  the  properties  and  uses  of 
tungsten  and  methods  of  production. 

Zirconia  and  Ziiconimn  in  Metallnrgy.— L.  Bradford  (Paper  read 
bef^e  the  Birmingham  Metallurgical  Society  ;  Foundry  Trade  Journal, 
November  1918,  vol.  20,  pp.  596-597)  deals  with  the  metallurgical  uses  of 
zirconia  as  a  refractory  and  of  zirconium  as  an  addition  to  steel.  Certain 
allojTs  have  been  made  containing  up  to  60  and  90  per  cent,  of  zir- 
conium. Some  of  the  ternary  and  quaternary  alloys  with  zirconiam 
display  useful  properties  of  resistance  to  oxidation  and  to  chemical 
action.  Ferro-zirconium  is  said  to  have  been  used  in  Grermany  in 
the  manufacture  of  armour-piercing  shell  and  bullet-proof  shields. 
Zirconium  steel  is  said  to  have  displayed  extreme  hardness,  having 
three  times  the  value  of  ordinary  armour  plate. 

Hannfactore  of  Feiro-Ceriiun.— A.  Trillat  (BuUetin  de  la  Societe 
d' Encouragement,  Jan.-Feb.  1919,  vol.  131,  pp.  60-63)  reports  on  the 
creation  of  a  new  industry  in  France,  the  manufacture  of  f erro-cerium. 
The  cerium  is  chiefly  obtained  from  monazite  sands,  and  together  with 
a  little  lanthanum  and  didymiimi  is  electrolysed  from  residues  from 
which  the  thorium  has  been  extracted.  It  is  partly  purified  and  then 
melted  with  iron  in  the  proportions  of  30  per  cent,  of  iron  and  70  per 
cent,  of  cerium,  and  run  into  thin  rods  for  the  ''  flints  "  of  lighters,  for 
which  its  marked  pyrophoric  properties  render  it  specially  suitable. 
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It  is  also  used  for  alloying  special  steels.    Such  cerium  steels  are  manu- 
factured at  present  at  many  of  the  large  French  ironworks. 

R.  Vogel  {ZeUschriJt  Jur  anorganische  Chemie,  March  15,  1917,  vd. 
99,  pp.  25-49  ;  Science  Abstracts,  A,  April  30, 1919,  vol.  22,  pp.  187-188) 
deals  with  the  manufacture  and  properties  of  cerium-iron  alloys  of 
varying  compositions. 


II.— CASTING  AND  TREATMENT  OF  INGOTS. 

Sand  Casting  of  Ingots. — W.  L.  Booth  {Meici  Trades,  San  Francisco, 
October  1918  ;  Iron  Age,  November  7,  1918,  voh  102,  pp.  1139-1140) 
describes  the  casting  of  steel  ingots,  destined  for  forging,  in  sand  moulds. 
The  ingots  can  be  of  large  dimensions,  up  to  16  feet,  cast  in  octagonal 
moulds  34  inches  in  diameter,  and  weighing  over  18  tons.  The 
advantage  of  sand  moulds  is  that  sand  having  a  low  conductivity 
does  not  abstract  the  heat  so  rapidly,  and  the  entire  mass  of  steel 
therefore  solidifies  at  a  more  uniform  temperature  than  when  cast  in 
metal  moulds.    Such  ingots  are  remarkably  free  from  pipe. 

J.  E.  Fletcher  (Paper  read  before  the  Staffordshire  Iron  and  Steel 
Institute,  December  19,  1918)  deals  with  mechanical  methods  used 
for  the  production  of  solid  steel  ingots.  The  Harmet,  Illingworth, 
Robinson,  Rodger,  and  Talbot  systems  are  described  in  detail.  The 
author,  in  his  general  conclusions,  points  out  that  the  study  of  this 
subject  brought  into  proRiinence  the  all^important  question  of  mass- 
heating  and  cooling,  and  its  influence  on  the  crystalline  structure  of 
steel.  Further,  if  the  chemical  analysis  was  unsuitable,  included 
gases,  whether  in  the  free  state  or  occluded,  were  inevitably  present. 
The  only  really  sound  steel  was  a  freely  piping  one,  and  to  obviate 
the  loss  attending  the  formation  of  pipe,  either  hot  feeder  heads  or 
some  mechanical  method  for  eliminating  the  pipe,  or  a  combination 
of  the  two,  must  be  adopted.  The  feeder  head  applied  to  an  ingot 
cast  in  a  sand  mould  produced  a  coarsely  crystalline  interior  inseparable 
from  slow  cooling  from  the  molten  state.  This  was  the  weakness  of 
a  feeder-head  ingot,  for  though  the  later  reheating  for  forging  or 
rolling  would  break  up  the  crystalline  structure,  it  would  not  destroy 
entirely  the  original  crystal  boundaries. 
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RoUing-Mill  Design. — ^W.  H.  A.  Robertson  (Journal  of  the  Birming- 
ham MetaUurgical  Society,  January  1919,  vol.  7,  Part  I.,  pp.  9-18) 
discusses  the  mechanical  design  of  rolling-mills. 

Bating  of  RoUiqg-lIill  Motors.— K.  Pauly  {Blast-Furnace  and 
Sted  Plant,  October  1918,  vol.  6,  pp.  411-414)  refers  to  the  difficulties 
of  users  of  large  rolling-mill  motors  owing  to  the  difference  in  the 
manufacturers'  ratings  of  their  special  t3rpes  of  motors.  It  is  suggested 
that  motors  should  be  rated  on  continuous  capacity  at  some  particular 
temperature. 

American  RoUing-Mills. — The  two  new  plate  mills  of  the  Brier  Hill 
Steel  Co.,  Youngstown,  Ohio,  are  described  and  illustrated  (Iron  Age, 
December  19,  1918,  vol.  102,  pp.  1521-1524).  They  occupy  the  largest 
mill  building  in  the  world,  consisting  of  two  aisles  each  104  feet  wide 
and  960  feet  long.  One  aisle  houses  the  84-incb  mill  and  the  other 
the  132-inch  mill,  the  former  consisting  of  two  stands  of  rolls  set  in 
tandem  and  the  latter  of  one  three-high  s^^nd.  Power  is  obtained 
outside,  at  60-cycle  3-phase  66,000  volts  and  reduced  in  3500  k.v.a. 
transformers  to  2200  volts.  The  84-inch  mill  is  driven  by  a  direct 
current  reversing  motor  of  1,000,000  foot-pounds-feet  tongue  and  the 
132-inch  mill  by  a  5000  horse-power  wound  rotor  induction  motor. 

EHectrieaUy-Diiven  BolUng-Mills. — The  conversion   of  a  tinp}ate 

mill  driven  by  a  slow  speed  horizontal  engine  to  electric  drive  is 
described  (Iron  and  Coal  Trades  Review,  March  7,  1919,  vol.  98, 
p.  293). 

J.  T.  Sturtevant  (Paper  read  before  the  American  Association  of 
Iron  and  Sted  Electrical  Engineers,  September  11,  1918 ;  Iron  Age, 
October  24,  1918,  vol.  102,  p.  1016)  describes  the  lay  out,  equip- 
ment, power  consumption,  tonnages  and  capacities  of  eleven  electrically 
driven  rolling-mills  at  the  Lehigh  plant  of  the  Bethlehem  Steel  Company. 
Special  emphasis  is  laid  on  proper  flywheel  equipment  in  such  mills, 
as  a  means  of  economising  energy  consumption  and  enabling  smaller 
motors  to  be  installed. 

An  illustrated  description  is  given  (Iron  and  Coal  Trades  Review, 
March  14,  1919,  vol.  98,  p.  311)  of  a  19,000  horse-power  reversing 
rolling-mill  motor,  which  has  been  recently  built  for  <&iving  a  36-inch 
roughing  and  finishing  mill.    The  motor  comprises  three  units  rigidly 
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coupled  together  and  mounted  on  a  combined  bedplate.  The  total  of 
19,000  peak  load  h.p.  is  obtained  at  speeds  =b  60/140  r.p.m.  The 
pressure  across  the  armatures  is  1400  volts. 

Plate  Turnover  for  Tandem  MilL — A  novel  form  of  plate  turnover 
installed  at  the  Youngstown  sheet  and  plate  mill,  is  described  (Blast- 
Furnace  and  Sted  Plant,  March  1919,  vol.  7,  pp.  128-129).  It  consists 
of  a  series  of  turning  cradles  or  forks  placed  between  the  table  rollers 
and  mounted  on  rack  beams  actuated  by  pinions  mounted  on  a  common 
driving  shaft.  The  forks  are  V-shaped  and  pivoted  at  the  closed 
end,  the  open  end  or  top  of  each  fork  being  connected  by  flexible  links 
to  stationary  pins  in  such  a  manner  that  when  the  fork  is  in  an  upright 
position  in  the  centre  of  the  table  the  links  on  both  sides  of  it  are  taut. 

Bolls  for  FlaniBhed  Ban. — The  manufacture  of  chilled  rolls  for  cold 
rolling  is  described  by  L.  Garand  {Bulletin  de  la  Societe  d' Encourage- 
ment, March-April  1919,  vol.  131,  pp.  329-330).  It  is  practically  a  new, 
industry  so  far  as  France  is  conceiiied,  and  has  been  (ieveloi>ed  during 
the  war,  prior  to  which  all  such  chilled  rolls,  and  all  shears  and  other 
accessories  to  cold  rolling  came  from  Germany,  mostly  from  the 
vicinity  of  Diisseldorf .  In  spite  of  the  initial  difficulties  the  industry 
has  been  successfully  launched,  and  at  the  Lyons  fair  in  March  1917  a 
complete  planishing  mill  by  French  makers  was  exhibited,  and  up  to  the 
present  no  less  than  300  pairs  of  rolls  have  been  supplied,  with  all 
accessory  plant  and  machinery  for  making  planished  bars. 

Sheet  Iron  Hannfacture  in  South  Bossia. — L.  Pletsch  {Stahl  und 
Eisen,  December  5,  1918,  vol.  38,  pp.  1126-1134,  &c. ;  Iron  and  Coal 
Trades  Remew,  February  14,  1919,  vol.  98,  p.  201)  gives  an  account 
of  the  iron  sheet  industry  of  South  Russia.  The  well-known  roofing 
sheets  form  four-fifths  of  the  whole  output.  Such  sheets  are  rolled 
by  nine  works  in  South  Russia.  Formerly  they  were  produced  ex- 
clusively as  black  sheets,  but  in  the  last  fourteen  or  fifteen  years  a 
gradually  increasing  proportion  of  galvanised  sheets  has  been  used. 
The  tests  for  roofing  sheets  are  severe.  The  Railway  Administration 
tests  one  sheet  in  every  200  to  400.  One  test  consists  in  folding  the 
sheet  up  flat  like  a  handkerchief  and  unfolding  it,  and  no  rupture  or 
hole  at  the  double  fold  must  result. 

Manufacture  of  Strip. — The  manufacture  of  hot-rolled  and  cold- 
rolled  strip  at  the  mills  of  the  Weirton  Steel  Company,  Virginia,  is 
illustrated  and  described  {Iron  Trade  Review,  October  24, 1918,  vol.  63, 
pp.  961-964). 

Black-Finishing  of  Iron  and  Steel.— £.  S.Whittier  {Metal  Industry, 
1918,  vol.  16,  pp.  509-510)  discusses  the  most  suitable  processes  for 
black-finishing  iron  and  steel  on  large  scale  production. 
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Reheating  Fomaces. — Q.  T.  Hagan  {Proceedings  of  the  Engineers* 
Society  of  Western  Pennsylvania,  1919,  vol.  35,  pp.  31-57)  describes  a 
design  of  heating  furnace  intended  to  meet  the  following  conditions  : 
(1)  Continuous  heating  from  a  charge  temperature  of  about  500°  F. 
to  wash  heat.  (2)  Avoidance  of  contact  between  billets,  and  a  single 
handling.  (3)  Ability  to  effect  repairs  without  interfering  with  the 
furnace  operation. 

An  illustrated  description  is  given  {Foundry  Trade  Journal,  March 
1919,  vol.  21,  pp.  169-170)  of  a  reheating  furnace  fired  on  the  new 
"  Bevergen  "  principle  by  means  of  town  gas.  It  is  claimed  that  this 
furnace  utilises  a  much  larger  proportion  of  the  total  heat  available 
in  the  gas  than  has  hitherto  been  possible. 

Electric  Reheating  Fnmaee.— W.  S.  Scott  {Paper  read  before  ike 
Association  of  Iron  and  Sted  Electrical  Engineers  ;  Iron  Age,  June  27, 
1918,  vol.  101,  pp.  1676-1677)  advocates  the  use  of  electric  furnaces  for 
heating  forgings,  as  the  rate  of  heating  is  not  only  under  control  but  is 
capable  of  wide  variation.  As  a  resister  silicon  carbide  is  strongly 
recommended.  The  neutral  atmosphere  of  an  electric  furnace  obviates 
oxidation.  Also,  as  the  conditions  are  all  controllable,  it  is  possible 
to  reduplicate  results  in  actual  practice. 
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Influence  of  Forging  on  Specific  Density  of  Steel.— H.  E.  Doerr 
{Bulletin  of  the  American  Institute  of  Mining  Engineers y  January  1919, 
pp.  79-81)  has  made  a  number  of  experiments  in  order  to  ascertain 
whether  forging  influences  the  specific  density  of  steel,  and  finds  that 
while  spongy  or  porous  steel  is  undoubtedly  greatly  compressed  or  con- 
solidated by  forging,  there  is  little  or  no  change  in  the  density  of  a 
steel  initially  free  from  cavities.  In  small  ingots  the  ratio  of  volume 
to  superficial  area  is  so  great  that  it  is  doubtful  whether  they  can 
properly  solidify  without  microscopic  cavities  being  formed.  With 
larger  ingots  this  ratio  is  smaller,  and  the  percentage  of  increase  in 
specific  density  of  forged  specimens  would  be  reduced  to  a  negligible 
value  if  not  eliminated  altogether. 

Case-Hardening. — T.  G.  Selleck  (Proceedings  of  Sted  Treating 
Research  Sodety,  March  1918,  vol.  1,  No.  8,  pp.  18-22)  gives  notes  on 
the  chief  sources  of  faults  in  the  carbonising  process  and  the  remedy. 

Shimer  Case-hardening  Process.— J.  W.  Richards  (Btdletin  of  the 
American  Irhstitule  of  Mining  Engineers,  February  1919,  pp.  431-433) 
describes  the  Shimer  case-hardening  process,  which  case-hardens  by 
immersion  of  the  material  in  a  bath  of  fused  salts.  Melted  potassium 
cyanide  or  melted  sodium  cyanide  are  the  most  frequently  used,  either 
pure  or  mixed  with  salts,  which  lower  the  melting  point  when  processes 
of  this  kind  are  adopted.  For  these  poisonous  and  dangerous  materials 
the  Shimer  process  substitutes  salts  which  give  off  no  poisonous  fumes 
and  are  far  less  costly  than  the  cyanides,  fresh  calcium  cyanamide  being 
used  in  a  non-case-hardening  mixture  of  melting  composition,  such 
as  sodium,  cAlcium,  or  barium  chloride.  A  lively  evolution  of  gas 
takes  place  in  the  molten  composition,  and  the  material  is  then 
plunged  into  it.  Certain  precautions,  which  are  described,  have  to 
be  preserved.  On  removal  from  the  bath  the  cas^hardened  sub- 
stances are  quenched  in  cooling  liquid  of  suitable  nature  in  the 
ordinary  way.    The  case-hardening  is  quite  satisfactory. 

Heat  Treatment  of  Tool  Steels. — S.  N.  Brayshaw  (Paper  read  before 
the  Birmingham  MdaUurgical  Society y  March  27,  1919  ;  Iron  and  Coal 
Trades  Review,  April  4,  1919,  vol.  98,  p.  408)  deals  with  the  heat  treat- 
ment of  tool  steels,  and  the  prevention  of  hardening  cracks. 
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Heat  Treatment  of  Steel  for  Gears. — G.  A.  Richardson  {Iron  Age, 
June  27,  1918,  vol.  101,  pp.  1668-1670)  deals  with  material  suitable 
for  cast  steel  gears  and  with  its  heat  treatment.  He  also  discusses  the 
relative  advantages  of  case-hardening  and  oil-hardening.  Generally 
speaking,  however,  he  prefers  cast  iron  to  steel  for  gears,  as  they  are 
easier  to  mould,  come  out  cleaner,  and  require  less  machining.  For 
specially  severe  service  large  size  gears  of  nickel  chrome  are  suitable, 
such  gears  being  air-hardened.  They  last  longer  than  cast  iron  gears, 
but  this  is  not  the  only  reason  for  their  superiority,  as  their  use  obtdates 
breakdowns  and  so  causes  saving.  Oil-hardened  gear  is  to  be  pre- 
ferred to  case-hardened,  for  steady  uniform  wear.  OU-hardening  is  also 
cheaper  than  case-hardening. 

Heat  Treatment  of  Metals  osed  in  Aeroplane  Constradion. — ^F. 

Grotts  continues  his  series  of  arti^fes  on  the  metallography  and  heat 
treatment  of  metals  used  in  aeroplane  construction,  and  deals  i^th 
brazing  and  the  relative  strength  of  brazed  and  welded  joints  {Chemi- 
cal and  Metallurgicai  Engineering,  October  1, 1918,  vol.  19,  pp.  583-587). 

Selection  and  Treatment  of  Steel. — A  reprint  is  published  of  the 
paper  by  J.  F.  Keller  {Proceedings  of  Steel  Treating  Research  Society, 
March  1918,  vol.  1,  No.  8,  pp.  28-44)  dealing  with  the  selection  and 
treatment  of  steel,  the  phenomena  of  crystallisation,  the  effect  of 
reheating,  soaking  and  rolling,  the  effect  of  shear  or  compression, 
the  spark  method  of  selecting  steels,  and  the  efiect  of  forging.  (The 
paper  was  originally  published  by  the  Society,  March  1917.) 

Colours  of  Tempered  Steel.— A.  Mallock  {Proceedings  of  the  Ro^ 
Society,  August  1918,  vol.  94,  pp.  561-566)  shows  that  the  tempering 
colours  of  steel  cannot  be  accounted  for  by  the  assumption  that  they 
are  examples  of  the  ordinary  interference  colours  of  thin  plates,  other- 
wise a  reduction  of  the  thickness  of  the  film  would  cause  a  change  of 
colour.  It  was  found  that  the  intensity  of  the  colour  decreased  as 
the  film  became  thinner  but  its  character  remained  the  same.  The 
tempering  colours  are  best  seen  by  polarised  light  and  their  intensity 
is  greatest  at  the  angle  of  maximum  polarisation.  It  would  appear 
that  temper  colours  are  due  to  some  form  of  selective  opacity  depending 
on  damped  molecular  periods  comparable  with  the  wave  period,  rather 
than  on  a  structure  comparable  with  the  wave  length. 

Application  of  Snrfaee  Combustion  to  Heat  Treatment  Furnaces. — 

J.  H.  Bartlett  {Proceedings  oj  Steel  Treating  Research  Society^  1918, 
vol.  1,  No.  11,  pp.  18-^2)  gives  an  account  of  experience  in  applying 
surface  combustion  to  heat  treating  and  similar  work.  In  surface 
combustion  the  heat  is  generated  by  the  use  of  explosive  mixtures  of 
gas  and  air,  and  its  apj^lication  requires  a  special  type  of  burner  and 
method  of  control.     The  proportioning  of  the  gas  and  air  mixture 
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requires  particular  care,  and  two  forms  of  proportioners  have  been 
designed  for  the  purpose.  The  one  is  a  low  pressure  inspirator  operat- 
ing with  air  at  about  one  pound  pressure  and  gas  at  the  usual  low 
distribution  pressure.  The  other  is  a  high  pressure  inspirator  using 
gas  under  pressures  of  one  to  ten  pounds,  which  entrains  free  air  for 
combustion,  this  arrangement  being  the  simpler  one.  The  burner 
which  has  been  found  to  give  most  satisfaction  is  of  the  impact  type, 
consisting  of  a  single  large  discha^e  nozzle  which  throws  the  mixture 
downward  at  a  high  velocity  on  a  bed  of  loose  refractory  material.  The 
refractory  bed  rapidly  comes  to  incandescence,  giving  off  intense 
radiant  heat.  A  number  of  furnace  installations  are  illustrated  and 
described.  At  the  Midvale  Steel  Company's  works,  two  furnaces,  fired 
with  city  gas,  turned  out  seven  330-lb.  shells  each,  the  average  gas 
consumption  being  170  cubic  feet  per  shell.  The  sheUs  were  lowered 
singly  into  the  furnace  and  brought  to  900°  F.  in  about  nine  minutes. 

Heating  and  Annealing  Furnaces. — W.  Trinks  (Blast-Fumace  and 
Sted  Plant,  February,  March,  April  1919,  vol.  7,  pp.  98-101,  134-137, 
171-177)  continues  to  discuss  heating  and  annealing  furnaces,  and  deals 
with  speed  of  heat  transmission  and  required  brick  surface,  and  volume 
required  for  burning  a  given  quantity  of  fuel  in  unit  time.  Curves  are, 
also  given  showing  values  for  the  rate  of  heat  abstraction  from  the 
exterior  of  the  furnace,  and  a  method  is  given  for  computing  values 
from  curves. 

A  description  is  given  {Iron  and  Coal  Trades  Refnew,  March  21, 1919, 
vol.  98,  p.  356)  of  the  Wild-Barfield  electric  steel  hardening  furnace. 
The  articles  for  treatment  are  suspended  from  an  iron  wire  and  placed 
in  the  furnace,  where  they  immediately  become  magnetised  by  the 
current  of  the  heating  coil.  When  the  steel  reaches  the  point  of 
decalescence  it  becomes  non-magnetic.  The  loss  of  magnetism  causes 
the  galvanometer  to  indicate  the  condition  immediately,  so  that  the 
article  is  at  once  removed  from  the  furnace  and  quenched.  This 
automatic  indication  ensures  that  the  steel  cannot  be  overheated, 
and  the  finest  possible  grain  is  thus  obtained. 

Annealing  Pans. — A  special  form  of  pressed  steel  corrugated  pan 
for  annealing  is  described  {Iron  and  Coed  Trades  Review,  October  18", 
1918,  vol.  97,  p.  429).  The  pans  are  pressed  out  from  a  solid  piece 
of  best  quality  steel  boiler  plate.  The  flange  at  the  top  and  the  comi- 
gated  sides  and  ends  prevent  warping,  and  a  dished  cover  is  supplied. 
The  pans  s^e  said  to  last  from  200  to  300  thours  under  fire. 

Hanufactiire  and  Testing  of  Springs.— N.  E.  Hendrikson  {Proceed- 
ings of  Sted  Treating  Research  Society^  July  1918,  vol.  1,  No.  10,  pp. 
39-44)  gives  an  account  of  the  manufacture  of  automobile  springs, 
which  are  made  of  either  high  carbon  spring  steel,  with  approximately 
the  eutectoid  percentage  of  carbon,  or  of  alloy  spring  steel.    The  latter 
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class  includes  chrome-vanadium,  chrome-silico-manganese,  silico- 
manganese,  chrome-carbon,  and  chrome-nickel-tungsten.  The  methods 
of  cambering,  tempering,  and  heat-treating  are  referred  to  in  detail. 
The  transverse  test  has  been  found  to  be  the  most  satisfactory  method 
of  determining  the  elastic  limit.  This  may  be  performed  in  a  Brinell 
machine  by  mounting  on  an  anvil  a  suitable  cross-piece  with  V  supports, 
about  10  inches  apart.  The  load  causing  a  permanent  set  may  then 
be  determined,  and  the  stress  due  to  the  load  can  be  calculated  by  the 
regular  formula.  If  the  normal  physical  qualities  of  any  spring 
steel  are  once  determined  by  the  teneole  test  machine,  the  constant 
for  converting  Brinell  hardness  to  ultimate  strength  may  be  calculated. 
After  that  a  combination  of  the  transverse  elastic  limit  test  and  the 
Brinell  test  will  give  the  elastic  limit  and  calculated  ultimate  strength 
for  any  specimen  of  that  steel. 

C.  T.  Edgerton  {Chemical  and  Metallurgical  Engineering,  December  1, 
1918,  vol.  19,  pp.  762-767)  deals  with  the  maniUacture  and  testing  of 
elliptical  and  coil  springs,  describing  the  types  of  steel  alloys  used, 
the  methods  of  testing,  forxdulffi  for  calcinating  loads,  deflections 
and  torsion,  the  efEect  of  overstrain  and  molecular  hysteresis.  The 
methods  of  heat  treatment  are  also  dealt  with. 

Pressed  Steel  Wheels.— G.  E.  Thackray  (Iron  Trade  Review, 
October  31,  November  7,  1918,  vol.  63,  pp.  1005-1009,  1067-1070) 
gives  an  illustrated  account  of  the  manu&kcture  of  pressed  steel  car 
wheels,  describing  all  the  operations  in  detail. 

Mannfaoture  oi  Shells. — F.  B.  S  wander  {Proceedings  of  Sled  Treating 
Research  Society,  1918,  vol.  1,  No.  11,  pp.  9-14)  gives  a  description  of 
the  manufacture  of  high  explosive  shells  and  detonators  from  the 
metallurgist's  point  of  view. 

Welding  ProceBSei.— L.  Jackson  {Paper  read  before  the  British 
Foundrymen^s  Association,  November  2, 1918 ;  Foundry  Trade  Journal, 
December  1918,  vol.  20,  pp.  659-663)  deals  with  the  various  processes 
of  welding,  and  gives  illustrations  showing  the  structure  of  the  metal 
in  welds  effected  by  different  methods.  Beference  is  made  to  results 
obtained  in  the  electric  welding  of  naval  machinery  in  United  States 
shipyards,  and  to  the  light  thrown  by  various  investigations  on  the 
comparative  value  of  the  leading  welding  processes. 

J.  H.  Davies  {Paper  read  b^ore  the  Institution  of  MechanicdL  En- 
gineers ;  Iron  and  Coal  Trades  Review,  February  7,  1919,  vol.  98, 
p.  168)  describes  some  experiments  which  were  carried, out  on  the 
mechanical  prop<Srties  of  various  steels  when  subjected  to  the  strong 
heat  of  the  ozy-acetylene  flame,  without  being  melted,  and  for  the  same 
period  of  time  as  might  be  required  for  the  oxy-acetylene  welding  of 
the  same  sized  pieces. 

H.  Cave  {Paper  read  before  the  Institution  of  Mechanical  Engineers  : 
Iron  and  Coal  Trades  Review,  January  31,  1919,  vol.  98,  pp.  137-138) 
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describes  the  development  of  the  ozy-acetylene  welding  and  cutting 
industry  in  the  United  States. 

F.  Hazledene  (Fajper  read  before  the  Institution  of-  Mechanical 
Engineers  ;  Iron  and  Coal  Trades  Review,  February  7,  1919,  vol.  98, 
pp.  16&-169)  describes  the  oxy-acetylene  welding  process. 

Eleotric  Welding. — ^A  series  of  descriptive  articles  on  electric  welding 
and  welding  appliances  is  published  {Engineer,  February  14,  1919, 
vol.  127,  pp.  145-146).  The  various  systems  of  resistance  and  arc 
welding  are  discussed,  with  notes  on  the  conditions  under  which  the 
processes  are  carried  out  in  practice. 

0.  H..  Eschholz  (Electric  Journal,  July  1918,  vol.  15,  pp.  247-250) 
describes  the  SlavianofE  arc-welding  process,  which  is  the  most  widely 
used  of  all  the  arc-welding  processes.  In  this  method  the  metal  rod 
serves  both  as  electrode  and  weld  filler.  A  table  is  given  showing 
analyses  of  electrodes  used  in  various  arc-welding  processes  and  of  the 
metal  deposited  from  the  electrode  in  the  weld.  A  better  control  of 
the  constituents  of  the  deposited  metal  is  recommended.  Refractory 
tubes  on  the  electrode  bave  been  suggested,  but  it  is  thought  that  better 
results  would  be  obtained  with  an  electrode  which  would  generate  an 
atmosphere  of  inert  gases  enveloping  the  arc. 

R.  S.  Kennedy  {Paper  read  before  the  InstitiUion  of  Marine  Engineers^ 
August  1918)  gives  some  general  notes  on  electric  welding  practice,  with 
special  reference  to  boiler  repairs.  Arc-welding  is  best  adapted  for  work 
over  -j^-inch  thick,  but  for  thinner  work  one  of  the  gas-welding  systems 
is  more  suitable.  The  iron  wire  used  for  the  weld  must  be  of  very  pure 
material,  with  preferably  a  small  quantity  of  manganese.  To  prevent 
oxidation  and  to  increase  the  fluidity  of  the  metal,  it  is  usual  to  coat 
the  metallic  electrode  with  a  flux.  The  voltage  across  the  arc  is  about 
22  to  25  volts,  with  an  equal  steadying  resistance,  making  the  voltage 
at  the  dynamo  terminals  about  45  volts.  An  additional  resistance 
is  automatically  switched  in,  when  the  welder  breaks  the  arc,  thus 
keeping  the  load  on  the  machine  constant.  The  current  actually 
employed  is  about  175  amperes. 

J.  Caldwell  and  H.  B.  Sayers  {Paper  read  before  the  Institution  of 
CivU  Engineers  ;  Iron  and  Coal  Trades  Review,  March  14,  1919,  vol. 
98,  p.  322)  describe  electric  welding  developments  in  Great  Britain 
and  the  United  States. 

W.  S.  Abell  {Ibid,)  describes  experiments  on  the  application  of 
electric  welding  to  large  structures. 

J.  R.  Smith  {Ibid.)  deals  with  the  use  of  electric  welding  in  ship 
construction  and  repairs. 

J.  A.  Capp  {Oeneral  Electric  Review,  December  1918,  vol.  21,  pp. 
947-957)  has  made  experiments  on  mild  steel  bars  for  the  purpose  of 
determining  the  conditions  necessary  to  obtain  the  best  results  in 
electric  resistance  welding.  Different  current  strengths  were  used, 
and  the  current  was  held  for  varying  lengths  of  time,  in  order  to  produce 
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welds  with  a  greater  or  less  amount  of  movement  of  the  metal.  The 
results  are  set  forth  in  full  and  are  illustrated  by  micrography. 

J.  F.  Lincoln  (Electrical  World,  December  14,  1918,  vol.  72,  pp. 
1119-1120)  discusses  the  respective  merits  of  alternating  and  direct 
current  for  electric  welding.  The  cost  of  an  alternating  current  welder 
and  its  equipment  is  considerably  less  than  that  of  a  direct  current 
welder,  but  the  comparative  labour  costs  are  in  the  proportion  of 
about  three  to  two  in  favour  of  direct  current  welding. 

T.  T.  Heaton  {Proceedings  ofAe  Institfaion  ofMechanicdl  Engineers^ 
1919,  pp.  49-71 ;  Iror^  and  Coal  Trades  B&view,  January  31,  1919, 
vol.  98,  pp.  136-137)  deals  with  electric  welding.  He  points  out  how 
the  exigencies  of  the  war  had  led  to  a  great  development  in  the  use 
of  various  systems  ol  welding,  and  how  in  some  respects  electric  welding 
had  proved  under  present  circumstances  more  advantageous  than  gas 
welding,  because  of  the  difficulty  of  procuring  oxygen  and  carbide  of 
calcium,  necessary  in  gas-welding  processes.  The  author  describes 
the  various  systems  of  electric  welding. 

Electric  Welding  with  Covered  Electrodes.— E.  0.  Bigby  {Journal  of 
the  Engineers'  Club  of  Philadelphia,  October  1918,  pp.  472-482)  states 
that  welds  made  using  plain  iron  or  carbon  rods  as  electrodes  may 
become  brittle  or  porous  through  oxidation.  The  joints  made  with 
oxidised  metal  are  particularly  liable  to  corrosion.  A  covering  for 
the  electrodes  of  blue  asbestos  yam  has  been  found  effective  in  pre- 
venting oxidation  of  the  deposited  metal.  In  fusing  the  asbestos 
acts  as  a  reducing  agent  and  excludes  the  atmosphere  from  the  metal. 
The  yarn  may  be  coated  with  silicate  of  sodium  or  aluminium  to  vary 
the  temperature  of  fusion.  Some  notes  on  the  operation  of  covered 
electrodes  are  given. 

Application  of  Electric  Welding  to  Shipbaildiiig.--H.  A.  Homor 
{Proceedings  of  the  Engineers  Society  of  Western  Pennsylvania,  1919« 
vol.  34,  pp.  641-670)  deals  with  electric  welding  in  shipl)uilding,  and 
gives  a  nimiber  of  diagrams  prepared  by  the  Electric  Welding  Branch, 
Education  and  Training  Section,  of  the  United  States  Shipping  Board, 
Emergency  Fleet  Corporation,  showing  types  of  joint  and  symbols ; 
principles  governing  design  of  welds  and  position  and  combinations 
of  types  and  symbols.  The  results  of  careful  investigation  and  severe 
testing  show  that  with  due  care  electric  welding  is  a  perfectly  reliable 
way  of  joining  materials  for  ship  construction,  within  certain  well 
understood  limitations.  Results  of  tests  on  welded  joints  are  given, 
and  the  cost  of  welding  is  compared  with  that  of  riveting  in  ship  con- 
struction, the  saving  in  labour  cost  being  about  60  per  cent,  in  the 
case  of  electric  welding  used  in  the  construction  of  a  standard  ship. 

G.  Henderson  {Journal  of  the  Engineers  Club  of  Philadelphia, 
November  1918,  vol.  36,  pp.  499-501)  describes  the  applications  of 
electric  welding  at  the  Submarine  Boat  Company's  yard. 
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S.  V.  Goodall  {Ibid.,  pp.  493-498)  gives  a  detailed  account  of  the 
methods  adopted  in  Great  Britain  for  welding  a  steel  barge  and  two 
other  vessels  and  compares  them  with  American  methods. 

C.  A.  Adams  {Ibid.,  December  1918,  pp.  531-536)  summarises 
the  work  carried  put  by  the  Electric  Welding  Committee  under  the 
auspices  of  the  U.S.  Shipping  Board.  Opinion  is  divided  as  to  the 
relative  advantages  of  alternating  current  and  direct  current  for 
welding. 

An  account  of  the  construction  of  the  first  steel  ship  built  entirely 
without  rivets  is  published  {Electric  Review,  September  28,  1918, 
vol.  73,  p.  495).  The  ship  was  built  in  a  British  shipyard  and 
measured  125  feefc  long,  with  a  16-foot  beam,  the  displacement  being 
275  tons.  It  is  estimated  that  the  saving  on  a  ship  of  this  size,  using 
electric  welding,  is  25  to  40  per  cent,  of  time  and  about  10  per  cent,  of 
material. 

Electric  welding  practice  in  shipbuilding  is  illustrated  and  described 
{Iron  and  Coal  Trades  Review,  December  20, 1918,  vol.  97,  pp.  702-703). 

Nomenclature  for  Electric  Welding. — H.  G.  Knox  {Paper  read  before 
the  Engineers^  Club  of  Philadelphia  ;  Engineering,  November  8,  1918, 
pp.  522-526)  recommends  a  uniform  terminology  for  use  in  electric 
welding  practice.  Standard  symbols  for  various  types  of  welded 
joints  are  given  with  illustrated  descriptions  of  the  design  and  types 
of  weld  in  use. 

Tests  of  Soundness  of  Welds. — 0.  S.  Eschholz  {AvAerican  Drop 
Forger,  November  1918,  vol.  4,  pp.  448-450)  indicates  methods  of 
determining  the  character  of  arc  welds.  The  most  trustworthy  indica- 
tion of  the  soundness  is  ofEered  by  penetration  tests.  Of  the  various 
liquids  that  may  be  applied,  kerosene  in  which  a  suitable  oil  soluble 
dye  has  been  dissolved  has  marked  advantages.  When  sprayed  on  to 
a  weld  the  kerosene  is  rapidly  drawn  into  any  capillaries  produced 
by  incomplete  fusion  between  deposited  ftietal  and  the  scarf,  and  the 
presence  df  faults  can  be  detected,  which  hydraulic  pressure  and  other 
methods  will  not  reveal. 

Path  of  Rapture  in  Steel  Fusion  Welds.— S.  W.  Miller  {Bulletin  of 
the  American  Institute  ofMinitig  Engineers,  February  1919,  pp.  311-338) 
deals  with  fusion  welds  in  material  containing  not  over  0*3  per  cent, 
of  carbon.  In  electric  welds  a  peculiar  structure  was  encountered  ; 
needles  or  plates  in  the  grains  and  similar  material  in  larger  spots 
at  the  grain  boundaries,  which  he  believes  to  be  iron  nitride,  probably 
containing  some  carbon.  It  is  this  which  is  probably  responsible 
for  the  brittleness  of  electric  welds.  They  appear,  but  much  less 
often,  in  oxyacetylene  welds,  in  which  they  appear,  too,  to  have  less 
effect  on  brittleness.  It  is  improbable  that  such  films  are  cementito^ 
as  in  electric  welds  the  carbon  is  almost  entirely  burned  out.     They 
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might  either  be  nitride  or  oxide  of  iron.    Rupture  invariably  follows 
the  path  of  such  structure. 

Welding  High-Speed  SteeL— E.  E.  Thum  (Chemical  and  MeiaUurgical 
Engineering,  September  15,  1918,  vol.  19,  pj).  301-308)  considers  the 
conditions  required  in  successfully  welding  high-speed  steel  tips  on  to 
a  carbon  steel  tool,  in  order  to  economise  in  the  cost  of  high-speed 

steel. 

Grinding.— <}.  J.  Alden  {Proceedings  of  Sled  Treating  Research 
Society,  April  1918,  vol.  1,  No.  9,  pp.  27-30)  analyses  the  action  of  a 
grinding-wheel  in  operation.  The  distinction  is  shown  between  the 
radial  or  real  depth  to  which  the  wheel  cuts  and  the  depth  to  which 
the  abrasive  grain  in  the  wheel  cuts  into  the  material.  This  latter 
value  is  called  the  "  grain-depth  of  cut,"  and  is  the  controlling  factor 
in  the  correct  working  of  the  wheel. 

Electrolytic  Pidding  and  its  Eflects  on  Physical  Properties  of  SteeL— 
J.  Coulson  (Transactions  of  American  Electrochemical  Society,  1917, 
vol.  32,  pp.  237-243)  refers  to  the  phenomenon  of  brittleness  in  steel 
springs  resulting  from  acid  pickling  and  electroplating,  and  states 
that  this  efEect  is  avoided  by  the  use  of  electrol3rtic  picklmg.  In  order 
to  determine  the  efiect  of  different  methods  of  pickling,  samples  of 
spring  steel  wire  were  pickled  chemically  by  dipping  in  acid,  and 
electrolytically  by  using  them  as  cathodes  and  anodes.  Oscillation 
tests  showed  that  the  chemically  cleaned  and  the  cathodically  cleaned 
samples  were  very  brittle,  while  the  anodically  cleaned  wires  had  the 
same  resilience  as  the  original  samples.  Dnll  bars,  hot-rolled  and 
cold-rolled  steels  were  subjected  to  similar  treatment,  and  the 
mechanical  tests  again  gave  results  similar  to  those  obtained  with  the 
spring  steel,  the  degree  of  brittleness  induced  by  chemical  and  cathodic 
cleaning  being  most  marked  in  the  case  of  the  high-carbon  steels. 

Piokling  SteeL— E.  E.  Corbett  (Blast-Furnace  and  Sked  Plant, 
December  1918,  vol.  6,  pp.  497-501)  reports  the  results  of  an  investiga- 
tion to  determine  the  possibilities  of  the  use  of  nitre  cake  as  a  substitute 
for  sulphuric  acid  for  pickling  steel,  with  a  view  to  conserving  sulphuric 
acid. 

Value  of  Thick  and  Thin  Ooatixigs  on  Tin^Plates.— A  report  has 
recently  been  published  in  America  of  the  results  of  an  investigation 
by  a  committee,  representing  the  American  Sheet  and  Tinplate 
Company,  the  American  Can  Company,  and  the  National  Canners 
Association,  on  the  relative  value  of  difierent  weights  ot  tin  coating 
for  canned  food  containers  (Iron  and  Coal  Trades  Review,  October  11, 
1918,  vol.  97,  p.  402).  There  has  long  been  a  theory  that  a  Jieavy  tin 
coating  was  necessary  on  food  containers,  and  the  committee  was 
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appointed  to  make  a  thorough  test  of  the  effectiveness  of  thick  as 
compared  with  thin  coatings.  The  conclusion  drawn  from  the  investi- 
gation is  that  the  value  of  different  weights  of  tin  coating  on  cans  is 
for  all  practical  purposes  the  same  with  average  weights  of  1  to  3  lb. 
of  tin  per  base  box.  It  is,  however,  very  difficult  to  make  lighter 
coated  plates  of  sufficient  uniformity  with  hand-worked  tinning 
m&chines,  and  some  automatic  method  of  coating  should  be.  adopted 
which  will  give  a  uniform  coating  with  a  much  lower  tin  consumption. 
M.  D.  Buck  (Chemical  and  MetaUurgicai  Engineering,  November  1, 
1918,  vol.  19,  pp.  659-660)  deals  with  the  question  of  tin  economy  in 
the  tin-plating  industry,  and  shows  that  the  usually  accepted  notions 
as  to  heavy  coatings  being  required  for  food  containers  are  unfounded, 
and  that  the  value  of  different  weights  of  tin  coatings  is  practically 
the  same  whether  one  or  three  pounds  of  tin  be  used  per  base  box 
(112  sheets  14  X  20  inches). 

ignftmATling  of  Sted. — At  a  recent  meeting  of  the  American  Ceramic 
Society  several  papers  dealing  with  the  enamelling  of  metal  surfaces 
were  read.  Amongst  others  was  one  by  C.  Treischel  and  L.  E.  Barringer 
(Chemical  and  M^aUurgical  Engineering,  February  16,  1919,  vol.  20, 
p.  182)  on  the  cause  and  control  of  blistering  in  sheet  steel  enamelling. 
This  is  usually  due  to  the  occluded  gases  in  the  steel,  but  the  results 
obtained  in  practice  can  be  improved  by  careful  attention  to  the 
conditions  during  pickling. 
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The  Shear  Test  as  a  Method  for  Measuring  the  Strength  of  Cast  Iron. 

— C.  Fremont  (ComjAes  rendus,  December  9,  1918,  vol.  167,  pp.  949- 
952)  considers  that  the  testing  of  cast  iron  by  means  of  separately  cast 
test-pieces  is  not  a  satisfactory  method,  owing  to  possible  differences  of 
conditions,  such  as  the  temperature  of  casting,  rate  of  cooling,  or  method 
of  moulding.  Test-pieces  should  be  taken  from  the  actual  casting,  and 
the  dimensions  should  be  such  that  a  sample  may  be  taken  without 
spoiling  the  casting.  It  is  recommended  that  a  small  cylindrical  piece 
might  be  removed  with  a  hollow  drill,  and  as  the  shear  strength  is  equal 
to  the  tensile  strength,  a  shear  test  should  be  made  on  the  small  sample 
.obtained.  The  tests  are  made  in  a  simple  machine  with  ordinary 
shearing  blocks,  to  which  the  load  is  applied  by  a  lever  with  a  sliding 
weight.  The  shear  test  can  be  made  on  much  smaller  masses  of  metal 
than  are  necessary  for  the  tensile  test. 

Tests  of  Cast  Iron. — H.  J.  Young  (Paper  read  "before  ike  British 
Foundrymen's  Association^  January  25,  1919  ;  Foundry  Trade  Jourfial, 
March  1919,  vpl.  21,  pp.  157-160)  deals  with  the  properties  of  cast 
iron  test-bars,  and  discusses  the  production  of  test-bars  and  the  testing 
of  cast  iron. 

J.  Seigle  reports  the  results  of  bending  tests  on  steel  and  cast-iron 
bars,  and  reviews  the  information  yielded  by  a  study  of  the  elastic  and 
permanent  deformations  (Bidletin  de  la  Societe  de  V Industrie  Minerale, 
1919,  series  5,  vol.  16,  pp.  87-126). 

Influence  of  Heat  on  Cast  Iron.— E.  Adamson  (Journal  of  the  West 
of  Scotland  Iron  and  Steel  Institute,  February  1919,  vol.  26,  pp.  8a-«4) 
deals  with  the  influence  of  heat  on  the  structure  and  physical  and 
chemical  properties  of  cast  iron. 

Influence  of  Constituents  of  Cast  Iron. — ^A.  Campion  (Lecture 
delivered  before  the  British  Foundrymen^s  Association,  February  8,  1919  ; 
Foundry  Trade  Journal,  March  1919,  vol.  21,  pp.  164-165)  discusses 
the  influence  of  some  constituents  on  cast  iron.  A  number  of  experi- 
ments were  made  in  order  to  find  the  effect  of  adding  to  cast  iron  a 
definite  amount  of  nickel,  chromium,  molybdenum,  tungsten,  boron, 
vanadium,  titanium,  and  manganese.  These  constituents  were  intro- 
duced as  ferro-alloys,  and  added  to  the  bottom  of  the  ladle  before  it 
was  filled  witlf  the  metal.    The  pig  iron  selected  was  of  a  quality 
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considered  most  suitable  for  work,  such  as  the  cylinders  for  internal 
combustion  engines.  Such  castings  compelled  the  selection  of  an  iron 
low  in  graphitic  carbon,  because  of  the  fact  that  iron  high  in  graphite 
increases  in  volume  on  "  reheating."  The  castings  were  submitted 
intermittently  to  a  temperature  of  450**  C.  for  periods  of  four  hours  each. 
In  every  case  the  results  showed  that  the  metal  went  through  some 
remarkable  changes,  especially  d\iring  the  first  six  heats ;  after  the  sixth 
heat,  however,  most  of  the  samples  remained  fairly  stationary.  The 
following  table  shows  the  comparative  results  : 


Metal  without  admiztuie 

With  an  addition  of  1  per  cent,  of : 

Chromium         .... 

Nickel 

Boron 

Tungsten  .... 

Molybdenum     .... 

Manganese         .... 


Transverse 

Strength  in 

Lbs.  on  a 

Bar  1  Inch  by 

1  Inch  on  12-Inch 

Centres. 


2136 


2332 
2650 
2550 
2660 
2730 
2360 


Tensile 

Strength  in 

Tons  per 

Square  Inch. 


13-5 

1605 

14-75 

14-5 

16-6 

17-6 

14-25 


Comparatiye  Value  of  Cast  Iron,  Wrought  Iron,  and  Steel  Pipe  for 
Drainage  Purposes. — ^W.  P.  Gerhard  {Journal  of  the  Franklin  Institute, 
1919,  vol.  187,  pp.  99-109)  finds  from  a  series  of  investigations  tha* 
for  drainage  purposes  extra  heavy  cast  iron  soil  pipe  is  satisfactory 
from  the  corrosion  point  of  view,  but  not  as  regards  caulked  joints,  the 
screw-thread  of  welded  pipe  Jbeing  superior.  Investigation,  he  claims, 
leaves  no  doubt  that  genuine  wrought  iron  pipe  is  a  far  more  durable 
material  for  house  drainage  than  steel  pipe. 

Physical  Properties  of  Malleable  Castings.— H.  A.  Schwartz  {Iron 
Trade  Review,  October  17,  1918,  vol.  63,  pp.  899-904)  shows  that  the 
characteristics  of  malleable  cast  iron  recommend  it  for  various  purposes 
for  which  it  has  not  hitherto  been  used.  The  constituents  of  malleable 
castings  are  defined,  and  the  structure  of  the  metal  and  mechanical 
properties  as  revealed  by  tests  are  considered. 

Definition  of  Hardness. — E.  M.  Leslie  {Engineering,  August  9,  1918, 
vol.  106,  p.  153)  has  carried  out  experiments  with  the  object  of 
measuring  the  work  required  to  produce  a  unit  volume  of  indentation. 
The  unit  volume  was  taken  at  1  mm."  and  a  weight  i  kilogramme 
falling  half  a  metre  was  used  in  each  case.  The  shape  of  the  tool 
dropped  was  changed,  but  the  volumes  of  indentation  were  found  to 
agree  closely.    The  results  of  tests  on  steels  of  different  degrees  of 
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hardness  are  given,  and  it  is  suggested  that  if  hardness  be  defined  as 
resistance  to  deformation  work  should  be  used  as  the  measure  of 
hardness. 

Determination  of  Hardness. — "R.  6.  C.  Batson  {I!aper  read  before  the 
Institulion  of  Mechanical  Engineers,  October  18, 1918  ;  Iron  and  Cod 
Trades  Review,  October  25,  1918,  vol.  97,  p.  464)  discusses  the  deter- 
mination of  hardness  by  means  of  the  indentation  produced  by  a  static 
load,  and  by  the  impact  of  a  ball  or  c6ne.  The  materials  taken  for 
experiment  were  mild  steel,  boiler  plate,  rail  steel,  high-carbon  steel, 
and  cast  iron.  The  hardness  numbers  obtained  with  the  various 
indenting  tools  are  summarised  in  a  comparative  table. 

W.  C.  TJnwin  (Ibid,)  traces  the  relationship  between  indentation 
hardness  tests  of  ductile  metals.  The  variation  of  the  hardness  number 
in  the  Brinell  test,  with  the  load  and  size  of  ball,  is  a  rather  serious 
defect,  which  is  due  to  the  fact  that  the  indentations  are  geometricaUy 
dissimilar.  P.  Ludwik  obviated  the  defect  by  using  a  right-angled 
cone,  which  gives  indentations  always  geometrically  similar.  Ludwik 
prefers  to  measure  the  depth  instead  of  the  width  or  diameter  of  the 
impression,  and  defines  the  hardness  number  as  the  load  divided  by  the 
conical  area  of  the  indentation. 

C.  A.  Edwards  and  F.  W.  Willis  (Ibid.)  have  deduced  from  experi- 
ments a  law  governing  the  resistance  to  penetration  of  metals  which 
are  capable  of  plastic  deformation.  This  law,  which  applies  to  the 
very  soft  metals  and  to  hardened  tool  steel,  may  be  expressed  by  the 
equation  d  ==  CE",  where  d  equals  the  diameter  of  the  indent  made 
by  a  10-millimetre  ball,  C  equals  a  constant  which  varies  with  the  total 
hardness  of  the  metal,  and  E  equals  the  total  energy  of  impact.  On 
account  of  the  influence  of  time,  and  the  varying  degree  of  deformation 
produced  with  loads  which  are  gradually  increased  to  a  maximum, 
the  Brinell  scale  is  not  really  satisfactory. 

J.  6.  Ayers,  jun.  (Proceedings  of  the  American  Society  for  Testing 
Materials,  1918,  vol.  18,  Part  II.,  pp.  460-477)  describes  a  new  method 
of  obtaining  Brinell  hardness.  Instead  of  using  a  dead  load 
hydraulically  applied,  as  in  the  general  type  of  Brinell  machine,  a  definite 
impact  was  employed.  This  impact  was  obtained  by  fastening  the 
Brinell  ball  to  the  bottom  of  a  given  weight  and  allowing  it  to  drop 
from  a  given  height  on  to  the  test  specimen.  From  the  diameter  of 
the  impression  thus  produced,  the  true  Brinell  hardness  number  may 
be  obtained  from  a  conversion  table. 

Statio»  Dynamio,  and  Hotoh  Toughness. — S.  L.  Hoyt  (Buttetin  oj 
the  American  Institute  of  Mining  Engineers,  February  1919,  pp.  339-351) 
points  out  that  the  occurrence  of  the  notch  effect  in  machines  and 
engineering  structures  is  much  more  common  than  is  usually  recognised. 
Engine  parts  reveal  an  amazingly  large  number  of  notches,  and  material 
composing  such  parts  should  have  a  high  degree  of  notch  toughness 
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to  ensure  against  failuie.  The  only  logical  test  capable  of  yielding 
reliable  results  is  the  notched-bar  test.  The  Charpy  test,  by  showing 
low  impact  value,  will  serve  to  detect  weakness  or  errors  due  to 
improper  heat  treatment. 

Physical  Tests  of  Rolled  SteeL— J.  J.  Mahon  (Iron  Age,  October  31, 
1918,  vol.  102,  pp.  1082-1083)  endeavours  to  account  for  the  varia- 
tions in  mechanical  properties  of  rolled  shell  steel  failing  to  correspond 
with  variations  in  chemical  composition  such  as  would  be  anticipated, 
and  concludes  that  the  discordant  results  are  due  to  precipitation  of  the 
ferrite  during  the  heating  process.  Uneven  precipitation  leads  to  the 
physical  properties  varying  within  the  same  bar.  By  proper  reheating 
and  further  rolling  the  ferrite  can  be  reabsorbed. 

J.  H.  Hall  (Ihid.,  pp.  1084-1086)  and  E.  R.  Swanson  (/Wi.,  pp. 
1086-1087)  deal  with  l^dred  subjects  and  specifications,  tests,  and 
heat  treatment  as  applied  to  ordnance  steel  and  ordnance  castings. 

Infloenoe  of  Hot-Deformation  on  the  Qualities  of  SteeL — G.  Charpy 
(Revue  de  Metallurgie ;  Memoir^,  September-October  1918,  vol.  15, 
pp.  427-448)  contributes  investigations  on  this  subject,  based  on  those 
published  in  the  Journal  oj  the  Iron  and  Sted  Institute  (1918,  No.  II. 
pp.  7-25),  but  revised  and  restated  in  the  light  of  his  latest  researches, 
and  with  special  reference  to  the  nature  of  the  deformation  undei^one. 

Effect  of  Repeated  Stresses.— G.  Fremont  (Comptes  rendus 
January  6,  1919,  vol.  168,  pp.  54r-56)  discusses  the  premature  rupture 
of  steel  under  repeated  stresses.  It  is  contended  that  so  long  as  the 
stresses  set  up  do  not  exceed  the  elastic  limit,  rupture  will  never  occur 
no  matter  how  often  the  stresses  are  repeated. 

Internal '  Stresses  in  Steel. — A.  Portevin  (Comptes  rendusy  1918, 
vol.  167,  pp.  531-533)  deals  with  the  internal  stresses  set  up  in  steel 
during  rapid  cooling  and  the  method  of  measuring  them.  This  can 
be  done  to  some  extent  by  determining  the  internal  stresses  in  thin 
layers  removed  in  succession  by  a  cutting  tool  and  estimating  the 
changes  undergone  in  the  remaining  solid.  The  creation  of  internal 
stresses  by  sudden  cooling  below  conversion  temperatures  may  permit 
of  the  separate  determination  of  the  stresses  resulting  from  modifica- 
tions of  the  state  of  internal  equilibrium  and  of  those  due  to  quenching 
alone. 

Instrumental  Indication  of  BesUienee.— F.  J.  Schlink  (Journal 
of  the  Frcmldin  Institute,  1919,  vol.  187,  pp.  147-169)  deals  with  the 
concept  of  resilience  with  respect  to  indicating  instruments.  The 
instrumental  methods  discussed  comprise  the  use  of :  (1)  index  and 
scale  instruments ;  (2)  comparison  instruments  read  by  reference  to 
a  fiducial  mark;  (3)  value-controlling  instruments,  usually  non- 
indicating  ;    (4)  totalising,  aggregating,  or  integrating  instruments. 
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Those  chiefly  dealt  with  are  the  instraments  in  the  first  and  third 
categories.  It  is  shown  that  the  area  ol  the  hysteresis  loop  obtained 
on  complete  cyclic  calibration  is  a  measure  of  the  energy  dissipated 
in  the  operation  of  the  instrument.  To  arrive  at  both  regional  and 
aggregate  effects  of  causes  producing  variance,  both  the  form  and  area 
of  the  hysteresis  loop  must  be  observed.  Causes  of  lag  are  discussed, 
and  it  is  shown  that  resiliency  determination  opens  up  a  field  for  the 
type  testing  and  selection  of  instruments  quite  distinct  from  that  of 
ordinary  methods  of  calibration  and  permits  of  selection  between 
types  of  instruments  rather  than  between  individual  instruments. 
The  more  general  methods  of  diminishing  variance  are  indicated* 

-Stresses  in  Steel  Rails. — ^J.  E.  Howard  {Paper  redd  hejore  the  New 
England  Railroad  Club;  Engineering  News  Record,  April  25,  1918, 
vol.  80,  p.  812)  shows  that  stresses  up  to  8  to  9  tons  per  square  inch  may 
exist  in  steel  rails  in  the  track,  when  no  load  is  on  them.  Such  stresses 
are  the  sum  of  those  due  to  the  cooling  of  the  rail  after  the  fini«}»iTig 
pass  in  the  rolls  and  those  resulting  from  deformation  produced  by  the 
rolling  stock.  Compression  stresses  exist  near  the  surface^  in  the  bead, 
while  tensile  stresses  occur  along  the  line  of  the  junction  of  the  web 
with  the  head  and  base.  These  stresses  undoubtedly  have  to  be  taken 
into  account  in  investigating  the  causes  of  rail  failures. 

Effect  of  Cold  Working  on  Fatigue  due  to  Revened  Stress. — ^H.  F. 

Moore  and  W.  J.  Putnam  {Bulletin  oj  the  American  Imtilide  oj  Mining 
Engineers,  February  1919,  pp.  391-404)  deal  with  the  efl[ect  of  cold 
working  on  the  resistance  of  steel  to  fatigue  under  reversed  stress, 
undertaken  as  part  of  an  investigation  by  the  National  Research  Council 
Committee  on  Fatigue  Phenomena  of  Metals.  Fatigue  stress  is  defined 
as  the  maximum  fibre  stress  that  will  cause  fracture  of  the  material 
after  the  repetition  of  any  given  number  of  cycles  of  stresses,  each 
cycle  involving  the  variation  of  stress  from  a  minimum  to  the  above 
maximum.  The  fatigue  stress,  then,  varies  with  the  number  of 
repetitions  occurring  in  the  lifetime  of  a  structural  or  machine  number 
and  with  the  range  of  stress  for  each  cycle  of  stress.  It  will  be  lower 
for  a  number  in  which  the  stress  is  completely  reversed  than  for  one 
in  which  the  stress  varies  from  zero  to  a  maximum. .  Tests  of  cold- 
pressed  steel  showed  a  slight  improvement  in  fatigue  strength  of  a 
steel  after  cold-pressing  as  contrasted  with  diminished  strength  after 
cold-stretching,  but  this  result  needs  further  confirmation.  The 
statement,  often  made,  that  steel  subjected  to  reversal  of  stress  will 
have  its  life  materially  increased  if  allowed  resting  periods,  and  that 
the  static  elastic  strength  of  overstressed  steel  is  increased  by  rest, 
was  not  borne  out  by  the  results  of  the  tests  made,  details  of  which 
are  given.  The  curves  showed  no  marked  benefit  from  a  short  period 
of  rest  on  the  fatigue  strength,  particularly  for  stresses  within  the 
limit  of  proportionality  of  the  material. 
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Sandberg  Sorbitic  Process  for  Treating  Bails.— The  results  of  a 
series  of  abrasion  tests  and  drop  tests  on  rails  treated  by  the  Sandberg 
sorbitic  process  are  published  {Engineering^  November  29,  1918, 
vol.  106,  pp.  625-629).  The  plant  for  treating  the  rails  is  illustrated, 
and  a  number  of  micrographs  showing  the  structure  of  treated  rails 
are  given. 

Manganese  and  Open-Hearth  Bails. — H.  W.  Roberts  {Electric 
Railway  Journal^  October  19,  1918,  vol.  54,  p.  697)  gives  results  of 
tests  made  on  the  Chicago  Elevated  Railway,  which  show  that  the 
life  of  manganese  steel  rails  is  about  seven  times  as  long  as  that  of 
high  carbon  open-hearth  steel  rails  on  curves  of  100-foot  radius.  The 
rails  were  all  80-lb.  rails  fitted  with  guard  rails. 

Transverse-Fissure  Bails  and  High-Phosphorus  Streaks.— -G.  F.  Com- 
stock  {Bulletin  of  the  American  Institute  of  Mining  Engineers ,  November 
1918,  pp.  1699-1714)  discusses  the  subject  of  transverse  fissure  in  steel 
rails  and  the  views  held  as  to  their  cause,  which  are  usually  that  they 
are  due  to  fatigue  and  not  to  the  quality  of  the  metal,  or,  alternatively, 
that  the  quality  of  the  metal  and  mill  practice  are  responsible  for  their 
occurrence.  He  has  carried  out  a  number  of  metallographic  tests, 
etching  with  Stead's  reagent,  and  also  making  a  number  of  sulphur 
prints  of  rail  sections,  and  finds  a  connection  between  transverse  fissures 
and  high-phosphorus  streaks,  the  nucleus  of  the  fissure  being,  in  many 
cases,  located  in  the  most  distinct  of  the  streaks  in  the  rail  head  or  in 
the  uppermost  of  the  distinct  streaks.  Practically  all  rails  with  this 
type  of  failure  were  found  on  examination  to  contain  these  streaks. 
Also,  of  the  rails  examined  those  rolled  from  reheated  blooms  were 
found  much  less  apt  to  contain  those  streaks,  due  to  uneven  phosphorus 
distribution,  than  direct-rolled  rails,  while  many  that  gave  good  service 
in  track,  without  failure,  lacked  the  streaks  entirely.  This  agrees  with 
Dr.  Dudley's  experience  that  rails  rolled  from  reheated  blooms  do  not 
usually  develop  transverse  fissures,  and  the  natural  inference  is  that 
this  is  because  they  do  not  contain  the  high-phosphorus  streaks.  This 
affords  a  good  reason  and  justification  for  reheating  the  blooms  in  the 
course  of  rail  manufacture,  which  helps  to  diffuse  the  phosphorus. 

Cause  of  Failures  in  Steel.— In  a  short  address,  K.  W.  Zimmer- 
schied  {Proceedings  of  Steel  Treating  Research  Society,  1919,  vol.  2, 
No.  1,  pp.  24r-29)  deals  generally  with  the  causes  and  mechanism  of 
failures  in  steel,  as  revealed  by  examination  of  fractures. 

Monel  Metal.— J.  Amott  {Engineering,  October  25,  1918,  vol.  106, 
p.  451)  gives  notes  on  the  composition  and  properties  of  Monel  metal. 
The  alloy  is  produced  from  the  nickel-copper  ores  of  Sudbury,  Canada, 
and  in  smelting  no  attempt  is  made  to  separate  the  nickel  and  copper. 
The  composition  of  rolled  bars  averages  :  Nickel,  66  to  67  per  cent. ; 
copper,  29  to  30  per  cent. ;  manganese  and  iron,  3  to  3-8  per  cent. ; 
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and  silicon,  0*10  to  0*13  per  cent.  The  cast  metal  contains  a  higher 
proportion  of  silicon,  namely,  from  1-2  to  1'5  per  cent.  EoUed  Monel 
metal  shows  considerable  strength  at  high  temperatures,  the  following 
being  the  results  in  tons  per  square  inch  of  tests  on  eighteen  bais, 
heated  in  an  electric  furnace : 

Yield  Tensile  Elongation  Reduction 

Point.  Strength,  per  Cent.  per  Cent. 

Normal 21-3  41-4  61  69 

320*'C 17  38-6  48  62 

410'*  C 16-6  33-8  49-6  63 

BOVC, 15-2  28-7  46  66 

630*^0. 10-4  16-2  33  ~ 

700'C. 7-9  10-3  27  36 

Speciflcatioiifl. — The  revised  specifications  for  steel  rails  recom- 
mended  by  the  American  KaUway  Engineering  Association  have  been 
published  (Iron  and  Goal  Trades  Review,  April  18, 1919,  vol.  98,  p.  475). 

The  standard  specifications  for  iron  and  steel,  and  non-ferrous 
materials  of  the  American  Society  for  Testing  Materials,  have  been 
published  {A.S,T.M.  Standards,  1918). 

Interallied  Speciflcatioiifl  lor  Aircraft— 6.  Charpy  and  M.  Girard 
{Genie  Civil,  November  30,  1918,  vol.  73,  pp.  423-425)  review  the 
proposals  for  uniform  specifications,  in  the  allied  countries,  relating 
to  materials  for  aircraft  construction.  The  work  of  unifying  the 
specifications  was  started  in  1918,  on  the  initiative  of  the  British 
Engineering  Standards  Association,  and  has  resulted  in  the  completion 
of  twenty-four  specifications,  each  relating  to  one  special  materiaL 
These  cover  conditions  of  manufacture,  heat-treatment,  and  the 
preparation  of  test  specimens. 

Erosion  of  Guns.— E.  Demenge  (Remie  Generate  des  Sciences, 
October  30,  1918,  vol.  29,  No.  20,  pp.  679-684)  discusses  the  problem 
of  the  erosion  of  guns  of  large  calibre.  Keference  is  made  to  the  in- 
vestigations of  Fay  and  to  the  work  of  Howe.  Fay  attributes  erosion 
to  the  hardening  of  the  surface,  as  soon  as  the  gun  is  in  use,  due  to 
cementation,  thermal  treatment,  and  cold-workmg.  Howe  finds  that 
hardening  is  the  principal  cause,  and  explains  how  the  hardening  is 
produced  and  increases  with  the  continued  firing  of  the  gun. 

^The  author  considers  that  the  most  effectual  remedy  is  the  employ- 
ment of  a  metal  which  must  be  as  resistant  as  possible  to  erosive  action. 
It  might  be  supposed  that  an  alloy  of  steel  with  a  metal  less  fusible 
than  itself  would  best  answer  the  purpose ;  but  molybdenum,  titanium, 
and  vanadium,  which  all  have  a  higher  melting  point  than  iron,  have 
the  effect  of  lowering  the  melting  point  of  iron  when  alloyed  with  it. 
Tungsten  raises  the  melting  point,  but  experiments  have  shown  that 
tungsten  allojrs  do  not  satisfactorily  resist  erosion.  Manganese  steels 
used  for  tube-drawing  show  a  remarkable  resistance  to  wear,  and  the 
conditions  of  tube-drawing  resemble  very  much  those  of  firing  a  gun — 
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namely,  rapid  friction  at  high  temperatures.  In  view  of  the  low  thermal 
conductivity  and  specific  heat  of  manganese  steel,  its  capacity  to  resist 
wear  appears  surprising,  but  these  properties  are  determined,  as  in  the 
case  of  all  other  steels,  when  the  material  is  in  the  pearlitic  state,  and 
they  may  have  quite  different  values  in  the  austenitic  state,  the  con- 
dition under  which  the  material  best  resists  erosion.  The  following 
is  the  composition  of  the  steel  of  two  captured  German  guns,  one  a 
4-inch,  the  other  a  6-inch  field-gun : 

Carbon     . 
Silicon 
Manganese 
PhoBphorus 
Snlpnor 
Nickel      . 
Chrominm 
Copper     . 
Cobalt      . 

The  absence  of  the  refractory  metals  tungsten,  vanadium,  and 
molybdenum  is  noticeable,  and  the  purity  of  the  steel  is  in  remarkable 
contrast  to  the  impurity  of  the  German  shell  steel. 

Occlnsion  of  Gftses  in  Metals. — A  general  discussion  on  the  occlusion 
of  gases  in  metals  took  place  at  a  meeting  of  the  Faraday  Society  under 
the  presidency  of  Sir  Robert  Hadfield,  Bart.  (Proceedings  of  the  Faraday 
Society,  November  12, 1918).  Sir  R.  Hadfield  gave  an  opening  address, 
in  which  he  reviewed  the  work  of  previous  investigators,  with  the 
addition  of  notes  on  the  practice  of  his  own  firm  in  the  production  of 
sound  steel  castings,  on  the  occurrence  of  slag  inclusions  in  wrought 
iron,  and  on  critical  forging  temperatures.  T.  Baker  describes  some 
experiments  made  with  the  object  of  ascertaining  the  composition 
and  volume  of  gases  in  steel  and  their  effect  on  the  physical  properties 
of  the  metal.  Cosmo  Johns  discusses  the  properties  of  metals  as 
affected  by  their  occluded  gases.  H.  A.  Kent,  J.  W.  McBain,  and 
A.  W.  Porter  present  contributions  on  the  theories  of  occlusion.  A. 
McCance  deals  with  balanced  reactions  in  steel  manufacture.  After 
discussing  the  reactions  in  the  open -hearth  process,  he  refers  to  the 
formation  of  blowholes  in  steel  and  to  methods  for  estimating  the 
gas  content  of  steels. 

Application  of  Bontgen  Rays  to  the  Examination  of  Metals.— G. 

Respondek  (StaM  und  Eisen,  September  12,  19,  1918,  vol.  38,  pp.  837- 
841,  872-876)  considers  the  physics  of  the  Rontgen  rays  with  regard 
to  their  application  to  the  examination  of  metals.  Radiographs  of 
iron  and  other  metals  are  shown,  and  the  arrangement  of  the  apparatus 
for  obtaining  the  radiographs  is  described.  The  process  is  thought 
to  be  of  special  use  in  the  examination  of  reinforced  concrete  slabs, 
for  the  detection  of  rust  on  the  reinforcing  bars  and  cracks  in  the 
cement. 

1919— i.  2  T 
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At  the  joint'  meeting  of  the  Faraday  Society  and  the  Rontgen 
Society,  held  on  April  29,  1919,  a  general  discussion-  took  place  on 
the  examination  of  materials  by  X-rays.  Sir  B.  Hadfield  gave  brief 
r6sumfa  of  the  work  that  has  been  carried  out  in  this  country  and 
abroad.  These  reports  all  tended  to  show  that  with  the  apparatus 
at  present  used  it  is  possible  to  detect  small  flaws  in  steel  2  inches 
thick.  Apparatus  has  been  recently  constructed  in  London,  how- 
ever, with  which  it  is  hoped  to  penetrate  steel  as  much  as  9  inches 
in  thickness. 

W.  H.  Bragg,  in  a  brief  introductory  discourse,  explained  the 
rationale  of  the  method. 

E.  Schneider  described  the  researches  carried  out  in  the  Schneider 
Laboratories  at  Le  Creusot,  where  the  apparatus  in  use  permits  of 
the  penetration  of  40  mm.  of  steel. 

Sir  R.  Hadfield  and  S.  A.  Main  gave  the  results  of  radiographic 
examination  of  carbon  electrodes,  used  in  electric  steel  furnaces. 

Sir  R.  Hadfield,  S.  A.  Main,  and  J.  Brooksbank  described  the 
experiments  carried  out  at  the  Hadfield  Research  Laboratory  on  the 
absorption  power  of  different  steels  under  the  X-rays. 

Phosphonu   Etching   Reagent — K.    Hamecker   and   E.    Rassow 

(StaU  und  Eism,  November  21,  1918,  vol.  38,  pp.  1079-1080)  show 
micrographs  of  specimens  etched  with  Obefhoffer's  modification  of 
Stead's  etching  reagent  for  detection  of  phosphorus  segregations  in 
steel.  Oberhoffer's  formula  as  given  by  him  (Ibid.,  August  17,  1916, 
vol.  36,  pp.  798-799)  is  as  follows  : 


Distilled  water 

.    600      cabio  centimetres 

Ethyl  alcohol 

.     500 

Stannous  chloride  . 

0-6  gramme 

Cupric  chloride 

.        1-0        „ 

.      SO-0        „ 

Cono.  hydrochloric  acid  .        • 

.      COO  cubic  cenUmetres 

It  has  been  adopted  in  many  laboratories  and  gives  good  results, 
especially  with  high-carbon  steels. 

Heterogeneity  of  Steel. — H.  Le  Chatelier  and  B.  Bogitch  {Comptes 
rendus,  September  30,  1918,  vol.  167,  pp.  472-477)  state  that  the 
macrostructure  developed  in  a  steel  by  etching  with  Stead's  copper 
reagent  has  been  ascribed  to  heterogeneity  in  the  distribution  of  the 
phosphorus.  The  authors  find  that  it  is  possible  to  develop  the  same 
structure  in  steels  free  from  phosphorus,  and  they  suggest  that  oi^gen 
remaining  in  solution  as  FeO  is  the  real  cause. 

Grain  Bonndaries  in  Heat-Treated  Alloy  Steels. — B.  S.  Archer 

(Bulletin  of  the  American  Institute  of  Mining  Engineers,  January  1919, 
pp.  51-55)  describes  a  method  of  etching  which  has  been  found  useful 
in  bringing  out  the  grain  boundaries  of  chrome-nickel  and  chrome- 


Digitized  by 


Googk 


PHYSICAL  AND  CHEMICAL  PBOPBRTIEB.  691 

vanadium  steels  hardened  and  tempered  to  a  Brinell  hardness  of 
about  300.  It  consists  of  etching  the  specimen  in  a  4  per  cent,  solution 
of  picric  acid  in  ethyl  alcohol  for  a  period  varying  from  5  to  25  minutes 
and  then  rubbing  oS  the  carbonaceous  smudge  on  moist  broadcloth 
or  kersey. 

Grain  Sise  and  Mechanical  Properties  of  Metals.— Z.  Jeffries  (part  2 
Thesis  Submitted  to  Harvard  University  for  degree  of  Doctor  of  Science ; 
BttUetin  of  the  American  Institute  of  Mining  Engineers,  1919,  pp. 
575-578)  has  investigated  the  effect  of  temperature,  deformation; 
and  grain  size  on  the  mechanical  properties  of  metals,  which  has 
been  printed  in  abstract.  New  light  is  thrown  on  the  amorphous 
theory  in  metals,  and  the  amorphous  and  crystalline  phases  of  sub- 
stances are  studied  in  detail. 

Welding  Mild  Steel. — ^H.  M.  Hobart  (Bulletin  of  the  American 
Institute  of  Mining  Engineers,  February  1919,  pp.  517-561)  deals  with 
investigations  undertaken  by  the  Welding  Besearch  Sub-Committee  of 
the  Welding  Committee  of  the  Emergency  Fleet  Corporation.  The 
general  object  was  to  extend  the  use  of  welding  in  the  construction 
of  merchant  ships,  and  to  provide  a  definite  basis  for  obtaining  the 
best  economy  and  efficiency  in  employing  welding  in  place  of  rivetting 
in  the  construction  of  the  hulls  of  ships.  The  possible  causes  of 
failure  in  fusion  and  spot-welding  processes  in  this  connection  are 
explained,  and  appendices  are  added  giving  the  standard  procedure 
as. laid  down  by  the  Fleet  Corporation  for  testing  welding  electrodes 
and  for  Wirt-Jones  tests  of  arc-welded  half-inch  ship  plate. 

Alumina  Inclusions  in  SteeL — A.  Stadeler  {StaM  und  Eisen, 
January  11,  1917,  vol.  37,  pp.  40-41  ;  Revue  de  MetaUurgie,  Extraits, 
September-October,  1918,  vol.  16,  pp.  292-294)  deals  with  inclusions 
in  steel  which,  in  the  molten  condition,  has  only  aluminium,  in  exces- 
sive quantities,  added  to  it,  and  the  inclusions  in  which  can  therefore 
only  be  attributed  to  alumina.  Such  inclusions  are  very  minute  and 
very  hard.  They  do  not  tend  to  merge  into  one  another,  but  remain 
as  separate  particles  which  resist  polishing  or  break  in  the  process. 
They  are  blue-grey,  or  even  black,  under  the  microscope,  and  do  not 
seem  affected  by  rolling  in  the  same  way  as,  for  example,  silicate 
inclusions  are,  as  they  do  not  appear  to  elongate  during  rolling  opera- 
tions, but  to  remain  discrete  and  rounded. 

Microstruoture  of  Steel. — 6.  J.  Smart  (Proceedings  of  the  Engineering 
Association  of  New  South  Wales,  1916-17,  vol.  32,  pp.  41-74)  deals 
generally  with  the  microscopic  examination  of  steel  and  the  lessons 
to  be  drawn  therefrom.  The  paper  is  illustrated  by  numerous  micro- 
graphs. « 
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W.  E.  W.  Millington  (Transactions  of  the  Manchester  Association 
of  Engineers,  1917-18,  pp.  189-225)  discusses  the  practical  use  of 
the  microscope  in  engineering,  and  describes  the  apparatus  necessary 
for  ordinary  commercial  work.  He  also  gives  the  results  of  microscopic 
examinations  of  certain  metals. 

J.  G.  Ayers,  jun.  (Proceedings  of  the  American  Society  for  Testing 
Materials,  1918,  vol.  18,  Part  II.,  pp.  88-97)  describes  the  most 
important  metallographic  changes  occurring  in  the  critical  range  of 
steels.  The  specimen  used  was  a  piece  of  0*50  per  cent,  carbon  steel 
which  was  heated  to  Well  above  its  range  and  then  quenched  in  water. 
A  number  of  photomicrographs  are  given  showing  every  change  result- 
ing in  the  microstructure.  The  structure  shown  in  each  case  is  briefly 
described. 

flaky  and  Woody  SteeL — F.  Giolitti  (Chemical  and  Metallurgical 
Engineering,  March  15,  1919,  vol.  20,  pp.  271-273)  gives  his  views 
on  the  subject  of  these  defects,  which  were  frequently  met  with  in 
the  guns  made  in  Italy  for  the  Italian  army.  He  considers  that 
flakes  originate  in  tender  alloy  steels  as  intercrystalline  cracks  prob- 
ably intensified  by  inclusions  and  segregations.  They  can  therefore 
be  controlled  by  careful  steel  furnace  practice,  casting,  soaking, 
reheating,  forging,  and  heat  treatment.  At  the  Ansaldo  works 
pouring  is  carried  out  very  hot,  the  ingots  are  fluted  octagons,  and 
the  hot  steel  is  cooled  to  600°  0.  in  the  mould  and  then  stripped  and 
left  in  the  air.  The  cold  ingot  is  reheated  to  1200°  C,  gmd  forging 
don.e  at  a  red  heat.  The  large  dendritic  crystals  in  the  hot-ponred 
ingots  require  care  and  skill  in  forging,  but  when  rightly  done  such 
steel  produces  superior  results.  Chromium  steel  properly  made  of 
pure  materials  under  reducing  conditions  and  containing  no  oxide 
wiU  never  develop  cracks.  Flaky  and  woody  structure,  two  defects 
very  closely  allied,  occur  in  steel  containing  highly  oxidised  inclusions. 

C.  Y.  Clajrton,  F.  B.  Foley,  and  F.  B.  Laney  (BttOetin 
of  the  American  Institute  of  Mining  Engineers,  February  1919, 
pp.  203-237)  describe  certain  defects,  such  as  flakes  and  fibrous  or 
woody  fractures,  encountered  in  the  metallographic  testing  of  many 
nickel  steel  gun  forgings  made  for  the  United  States  Ordnance  Depart- 
ment. The  average  chemical  composition  of  the  steel  studied  was 
0*38  per  cent,  carbon  and  2*9  per  cent,  nickel,  and  it  was  made  both 
by  basic  electric  and  basic  open-hearth  processes.  All  flaky  steel 
examined  microscopically  showed  ui^jmistakable  evidences  of  over- 
heating, and  the  areas  or  grains  of  sorbite  were  characterised  by  a 
prominent  development  of  the  Widmannstatten  structure.  It  is 
probable  that  in  transcrystalline  fracture  the  path  of  rupture  followed 
the  plates  of  ferrite  that  produce  the  Widmannstatten  structure  is 
the  grains  of  sorbite.  Under  the  microscope  flaky  steel  reveals  a 
complete  lack  of  grain  refinement,  while  analysis  shows  that  the 
flake  areas  arehigher  in  phosphorus  and  carbon  than   the  normal 
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metal.  The  most  characteristic  effect  of  flakes  is  to  reduce  ductility, 
tensile  strength,  and  elastic  limit.  The  cause  of  flakes  is  ascribed 
to  (1)  foreign  inclusions  ;  (2)  gaseous  inclusions  and  cavities ;  (3)  scale 
and  local  decarburisation ;  (4)  segregation  of  non-ferrous  elements ; 
(6)  overheating  and  non-imiformity  of  heat  preparatory  to  forging ; 
(6)  shape  of  ingot  and  method  of  forging ;  and  (7)  diflerential  expan- 
sion of  areas  in  heterogeneous  metal.  No.  (5)  above  is  regarded  by 
the  authors  as  the  most  probable  cause. 

H.  S.  Eawdon  ( Bulletin  of  the  American  Institute  of  Mining  Engineers, 
February  1919,  pp.  183-201)  deals  with  the  causes  and  the  elimina- 
tion of  the  defects  commonly  known  as  ''  snowflakes,''  '*  flakes," 
or  "  scabs."  Micrographs  are  given  showing  well-marked  instances  of 
these  defects,  together  with  photographs  showing  the  macrostructure. 
Examination  leads  to  the  view  that  flakes  are  discontinuities  within 
the  steel,  often  associated  with  extremely  thin  films  of  slag  which  are 
either  continuous  or  formed  of  tiny  isolated  globules.  Such  defects 
probably  originate  in  the  ingot,  where  they  appear  as  intercrystalline 
shrinkage  cracks.  They  occur  in  the  cast  metal  along  with  the  slag 
inclusions  in  the  angles  between  the  branches  of  the  tree-like  dendritic 
crystals.  They  persist  throughout  the  history  of  the  forging  into  the 
finished  form  as  discontinuities  in  the  metal,  often  associated  with 
slag  films,  which  have  residted  from  the  working  down  of  the  slag 
inclusions,  with  which  they  are  associated  from  the  beginning.  The 
coarsely  crystalline  appearance  of  the  flake  is  a  surface  configuration 
only,  and  is  a  record  of  the  crystalline  condition — ^that  is,  of  the  dendrites 
existing  in  the  steel  at  the  time  the  discontinuity  originated.  Though 
they  are  usually  associated  with  dirty  steel,. the  converse  is  not  true ; 
the  fact  that  the  steel  is  dirty  or  badly  contaminated  with  slag  inclusions 
is  not  a  sure  criterion  for  condemning  the  metal  as  defective  because 
of  flakes. 

Hicrostractare  of  Wrought  Zronu— An  unusual  feature  in  the  micro- 
structure  of  wrought  iron  is  described  by  H.  S.  Bawdon  {United  Stoites 
Bureau  of  Standards,  1917,  Technologic  Paper  No.  97 ;  Engineeringy 
January  18,  1918,  vol.  105,  pp.  77-79).  The  ferrite  crystals  present  a 
mottled  appearance  after  prolonged  etching  with  an  acid  reagent  such  as 
5  per  cent,  nitric  acid  in  alcohol,  which  extends  in  streaks  over  the  sur- 
face of  the  specimen.  This  intra-crystalline  etch-pattern  is  quite  distinct 
from  the  etching  pits,  which  result  from  prolonged  etching  of  ordinary 
wrought  iron.  It  is  considered  to  be  due  to  the  non-uniform  distri- 
bution of  dissolved  phosphorus  in  the  ferrite,  the  area  constituting 
the  mottled  etch-pattern  being  relatively  high  in  phosphorus.  By 
using  Stead's  cupric  chloride  reagent  the  patterns  can  be  more  strikingly 
developed.  The  fractures  in  some  wrought  iron  articles  which  had 
failed  in  use,  and  which  showed  these  features  in  their  structure,  ran 
parallel  to  the  mottled  bands,  and  are  considered  to  have  been  caused 
by  them,  owing  to  the  brittle  character  of  ferrite  rich  in  phosphomu. 
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Attention  is  drawn  to  the  slowness  of  diffusion  of  phosphorus  in  ferrit«, 
which  accounts  for  the  persistence  of  the  non-uniform  structure  daring 
the  heating  and  rolling  operations  undei^one  by  the  wrought  iron  articles 
before  reaching  the  finished  condition. 

Hiorostruotare  of  Tinplate. — ^L.  Mayer  (SuM  und  Eisen,  October  17» 
1918,  vol.  38,  pp.  960-962)  reports  the  results  of  a  metallographic 
examination  of  tinplate.  A  strip  of  tinned  charcoal  plate,  1  centunetre 
wide,  was  covered  with  a  layer  of  copper  electrolyticaUy  deposited, 
polished  and  etched  with  2^  per  cent,  hydrochloric  acid.  Under  the 
microscope  small  elongated  tin  crystals  were  visible.  The  tin  sho^v^ed 
no  signs  of  combination  with  the  iron,  but  the  thickness  of  the  tin 
coating  showed  considerable  unevenness. 

Ificrostracture  of  Iron  Deposited  by  Eleotric  Arc  Welding. — 6.  F. 

Comstock  (BtiUetin  of  the  American  Institute  of  Mining  Engineers, 
January  1919,  pp.  43-49)  discusses  the  identity  of  the  needles  or  small 
crystals  found  in  oxyacetylene  and  electric  welds.  Such  pale  crystals 
typical  of  steel  fusion  welds  may  occur  abimdantly  in  iron  containing; 
only  0*04  per  cent,  of  carbon,  and  when  annealed  thoroughly  and  cooled 
slowly  they  will  difiuse  into  steel  from  the  welded  metal,  but  do  not 
merge  with  the  pearlite  of  the  steel.  The  conclusion  is  that  they 
are  neither  cementite,  martensite,  or  any  similar  carbide  product, 
but  probably  nitride  of  iron.  Sodium  picrate  etching  tests  fail  to 
differentiate  between  nitride  and  carbide  or  sulphide  in  polished 
specimens  of  steel. 

ninmination  of  Ifierographio  Specimens.— H.  M.  Sayers  (Engineer- 
ing,  December  27,  1918,  vol.  106,  pp.  729-730)  discusses  the  principles 
of  illumination  as  applied  to  micro-metallography.  The  virtual  source 
of  light  should  be  located  a  tube-length  distance  from  the  objective 
measured  along  the  course  of  the  beam.  The  practical  test  of  this 
condition  is  that  the  image  of  the  source  of  light  is  sharply  focused 
on  the  object  at  the  same  time  that  the  object  is  seen  focused  in  the 
field.  To  obtain  the  maximum  resolving  power  from  the  objective, 
the  beam  falling  on  the  upper  lens  from  the  reflector  should*  approxi- 
mate  two-thirds  the  diameter  of  the  lens.  If  the  actual  light  source 
placed  at  tube  length  distances  gives  too  small  an  image  to  fill  a  suffi- 
cient proportion  of  the  field  for  satisfactory  observation,  a  magnified 
teal  aerial  image  of  it  must  be  formed  at  that  distance  of  sufficient  area 
to  fill  the  field.  To  modify  the  brightness  of  the  image  to  sidt  visual 
and  photographic  requirements,  use  a  diaphragm  either  in  the  plane 
of  the  aerial  image  or  at  the  auxiliary  condenser,  not  between  the 
objective  and  the  image  of  the  source.  For  magnifications  requiring 
objectives  of  shorter  focus  than  ^  inch  (12  millimetres)  use  oil  immer- 
sion objectives. 
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Influence  of  Rate  of  Temperatore  Change  on  Transformations  of 
Alloy  SteeL — ^H.  Scott  {BuUetin  of  the  American  InstitiUe  of  Mining 
Engineers,  February  1919,  pp.  167-167)  points  out  that  previous 
investigations  show  that  with  the  occurrence  of  a  split  transformation 
on  cooling  alloy  steels  from  increasingly  high  temperatures  :  (1)  when 
the  higher  temperature  transformation  Ar'  is  observed  with  low 
values  of  maximum  temperature,  troostite,  or  a  decomposition  pro- 
duct results,  and  (2)  when  the  lower  temperature  transformation 
Ar"  is  observed,  with  high  values  of  maximum  temperature,  mar- 
tensite  is  the  resulting  product.  His  own  investigations  show  that, 
for  a  certain  alloy,  by  varying  the  rate  of  cooling,  the  maximum  tem- 
perature remaining  constant,  a  strictly  analogous  phenomenon  is 
observed,  increasing  rate  of  cooling  having  the  same  effect  as  increas- 
ing the  maximum  temperature.  He  therefore  concludes  that  (a)  the 
Ar'  transformation  consists  of  transformations  Ar3,  Ar2,  and  Arl ;  (6) 
that  the  Ar"  transformation  consists  of  the  transformations  Ar3  and 
Ar2,  and  (c)  that  the  Arl  transformation,  suppressed  when  Ar"  is 
observed,,  occurs  on  heating,  as  Ac^  with  an  evolution  of  heat,  and  the 
formation  of  troostite  or  a  coarser  condition  of  the  carbide.  The 
maximum  of  the  transformation  Acl-3  occurs  at  a  higher  temperature 
when  the  previous  cooling  gave  Ar'  than  when  it  gave  Ar", 

The  A4  Transformation  Point  in  Iron  and  Silieon-Iron.— A.  San< 
fourche  (Comptes  rendus,  November  4,  1918,  vol.  167,  pp.  683-686) 
has  redetermined  the  temperature  of  the  thermal  change  corresponding 
with  the  rapid  increase  of  magnetic  susceptibility  of  iron  at  1280^  C. 
discovered  by  Curie.  On  heating  the  temperature  was  found  to  be 
1366**  C,  and  on  cooling  it  was  1310°  C.  An  addition  of  silicon  to  the 
iron  results  in  lowering  the  temperature  of  A4  and  in  diminishing  the 
intensity  of  the  thermal  change,  until  with  2*6  per  cent,  silicon  it  is 
too  small  to  be  determined. 

Surface  Tension  of  Liquid  SteeL— Cosmo  Johns  {Journal  of  ike 
West  of  Scotland  Iron  and  Steel  Institute,  1918-19,  vol.  26,  pp.  36-42) 
discusses  the  solid  and  liquid  states  of  steel.  The  properties  of  an 
optically  clean  surface  of  liquid  steel  are  referred  to,  the  surface  being 
similar  to  that  of  a  polished  metallic  surface  with  a  vitreous  film.  Its 
maiiitenance  is  attributed  to  the  presenxse  of  an  atmosphere  of  iron 
vapour.  It  is  shown  how  the  surface  tension  may  be  qualitatively 
determined,  the  surface  tension  value  varying  inversely  with  the 
volume  of  the  gases  occluded. 

History  of  the  Iron-Carbon  Theory.— W.  Broniewski  {Chimie  et 
Industrie,  June  1918,  vol.  1,  pp.  66-66)  traces  the  origin  and  develop- 
ment of  the  iron-carbon  theory  through  its  earliest  conception,  which 
was  in  1897,  when  H.  Le  Chatelier  first  pointed  out  the  resemblance 
between  steel  and  saline  solutions  and  introduced  the  notion  of  solid 
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Bolution.  In  the  same  yeai  Boberts-Austen  constiucted  the  first  iion- 
carbon  diagram,  to  which  in  1900  Bakhuis-Rooseboom  first  applied  the 
phase  rule.  Theories  as  to  the  allotropy  of  iron  commenced  with  that 
enunciated  in  1888  by  Osmond.  The  subsequent  stages  of  the  theorv 
and  of  the  divergent  views  to  which  it  has  given  rise  are  then  traced, 
and  a  brief  statement  of  the  present  views  is  given. 

Flame  and  Furnace  Spectra  of  Iron. — 6.  A.  Hemsalech  (Philasophioal 
Magazine,  September,  October  1918,  vol.  36,  pp.  209-230, 281-296)  gives 
an  account  of  experiments  carried  out  in  electric  tube  resistance  fui- 
naces,  the  results  of  which  show  that  the  spectra  of  iron  given  by  such  a 
furnace  at  atmospheric  pressure,  and  up  to  a  temperature  of  about 
2400°,  are  caused  by  the  action  of  heat  on  a  chemical  compound  of 
the  metal  and  not  on  the  free  metal  itself.  He  concludes  that  the  so- 
called  high-temperature  furnace  spectrum  of  iron,  emitted  at  tempera- 
tures above  the  boiling  point  of  the  metal,  is  not  caused  by  puielj 
thermal  actions,  but  requires  for  its  emission  the  co-operation  of  electric 
forces.    The  facts  supporting  this  conclusion  are  set  forth. 

Zirconium  Steel. — J.   Gar9on  {BuUetin  de  la  Societe  d*Bncoura^- 

ment,  January-February,  1919,  vol.  131,  pp.  14S-155)  deals  with  the 

manufacture  and  properties  of  zirconium  steel.    This  alloy  is  one  of  quite 

recent  discovery,  and  little  is  to  be  found  concerning  it  in  text-books 

on  alloys.    The  present  notes  are  practically  the  first  to  be  published. 

The  first  patent  bearing  on  the  applications  of  zirconium  to  metalluigj 

appear  to  be  British  patent  29376,  1910,  taken  out  by  Ludwig  Weiss. 

It  was  then  recommended  as  an  addition  to  castings  to  improve  their 

soundi^ess,  and  was  intended  to  take  the  place  of  titanium.     Its  value 

consisted  in  its  scouring  action.    Steel  alloys  containing  from  10  to 

35  per  cent^.  of  zirconium,  added  in  successive  staiall  quantities,  have 

been  prepared,  and  have  proved  of  value  when  added  in  small  amounts 

to  molten  steel,  so  as  to  approximate  to  about  1   per  cent,  in  the 

ultimate  metal.    A  steel  with  the  following  composition  has  been 

used  to  make  masks  : 

Per  Gent. 

Carbon 0<42 

Mftngftnfwfl l-OO 

Silicon 1-60 

Kiokel 3-00 

Ziroonium 0^34 

This  steel  has  been  substituted  for  the  nickel-chromium  and  nickel- 
molybdenum  steels  previously  used  for  this  purpose.  Its  resistance 
to  German  armour-piercing  projectiles  of  the  type  K3,  in  comparison 
with  the  resistance  of  the  other  steels  in  question,  was  found  to  be  in 
the  following  proportion ; 

Equivalent  Thicknesses. — 16  millimetres  chromium-nickel  steel- 
13  millimetres  of  nickel-molybdenum  steel  =  10  millimetres  nickeJ- 
zirconium  steel. 
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Such  a  steel  lequiies  to  be  annealed  at  875^  and  cooled  in  air; 
then  oil-quenched  at  840^  and  oil-annealed  for  three  hours  at  180^. 
It  then  has  a  tensile  strength  of  198  kilogrammes  per  square  centi- 
metre; an  elastic  limit  of  169  kilogranmies  and  a  Brinell  hardness 
of  470.  The  proportion  of  zirconium  present  should  not  exceed  0*33 
per  cent. ;  with  0*5  per  cent,  the  steel  ceases  to  display  properties  of 
interest.  As  zirconium  is  very  readily  ozidisable,  silicon,  manganese, 
and  titanium  should  be  added  first  to  eliminate  all  traces  of  oxygen ; 
even  then  only  25  per  cent,  of  the  zirconium  added  will  be  found  in 
the  alloy.  The  f erro-zirconium  used  is  obtained  in  the  electric  furnace 
by  reduction  with  aluminium,  but  should  not  contain  more  than  5 
per  cent,  of  aluminium,  otherwise  the  tensile  strength  of  the  steel  will 
be  impaired.  In  America  zirconium  steel  is  being  made  by  the  Central 
Steel  Company,  Massillon,  Ohio.  Details  of  the  process  and  of  the 
nature  and  composition  of  the,  charges  made  are  given ;  as  well  as  an 
account  of  the  subsequent  rolling  and  heat  treatment  of  the  resulting 
alloy.  At  Niagara  a  new  high-speed  steel,  containing  iron-nickel- 
tungsten  and  zirconium,  is  being  made  to  compete  with  stellite.  Notes 
are  given  of  the  methods  for  estimating  zirconium,  and  for  the  analysis 
of  alloys  containing  that  element. 

Ferro-Ziroonimn. — ^H.  C.  Meyer  {Transactions  of  the  Ceramic 
Society,  Session  1918-1919,  vol.  18,  Part  I.,  pp  264-275)  refers  to  the 
uses  of  zirconium  in  the  steel  industry.  Various  unauthenticated 
reports  have  been  circulated  as  to  the  remarkable  properties  of 
German  armour  plate,  samples  of  which  are  said  to  have  been  analysed 
and  found  to  contain  zirconium.  Erupps  were,  prior  to  the  war, 
investigating  zirconium,  and  it  is  interesting  to  note  that  the 
Brazilian  Government  reports  show  that  in  1913  there  was  exported 
from  that  country  1119  tons  of  zirconium  ore.  As  there  was  no 
important  consumption  of  the  ore  at  that  time  in  either  the  United 
States  or  England,  it  is  natural  to  assume  that  nearly  all  of  this  tonnage 
went  to  Grermany. 

One  of  the  most  recent  alloys  of  zirconium  placed  on  the  market 
consists  of  between  40  and  90  per  cent,  zirconium,  with  the  residue 
mainly  iron  or  an  iron-group  metal.  'Small  percentages  of  titanium 
and  duminium  are  also  introduced.  It  is  claimed  that  the  alloy  is 
not  subject  to  oxidation,  is  highly  resistant  to  chemical  reagents,  and 
is  readily  malleable.  It  is  suggested  that  one  of  the  alloys  in  this 
series  may  find  important  application  in  the  manufacture  of  drawn 
filaments  for  incandescent  lamps.  A  typical  analysis  of  some  of  the 
alloys  produced  shows :  zirconium  65  per  cent.,  iron  26  per  cent., 
titanium  0*12  per  cent.,  and  aluminium  7*7  per  cent.  The  production 
of  the  alloys  is  accomplished  either  by  reduction  with  finely  divided 
aluminium,  together  with  mixed  oxides  of  'iron,  titanium,  or  what- 
ever metals  it  is  desired  to  introduce  into  the  aPoy ;  or  they  can  be 
produced  by   heating    the  mixed  oxides  in  a  graphite  crucible  in 
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an  electric  furnace,  using  either  zircon  or  zirkite  as  a  source  of 
zirconium. 

Predpitation  of  Zirooninm  Phosphate.— G.  Steiger  (Journal  of  the 
Washington  Academy  of  SdenoeSy  December  4,  1918,  vol.  8,  No.  20, 
pp.  637-639)  has  made  experiments  to  determine  the  allowable  acidity 
of  a  solution  in  which  zirconium  phosphate  may  be  quantitatively 
precipitated,  with  the  object  of  applying  the  method  to  the  analysis 
of  rocks  containing  small  percentages  of  zirconium.  The  standard 
zirconium  solutibn  used  was  made  by  preparing  from  native  zircon 
the  double  fluoride  of  zirconium  and  potassium.  After  purifying  by 
repeated  crystallisation,  it  was  decomposed  with  sulphuric  acid  and 
the  fluoride  driven  off  by  heat.  Sulphuric  acid  was  added  in  varying 
quantities  and  the  zirconium  precipitated  by  the  addition  of  micro- 
cosmic  salt.  As  both  iron  and  titanium  may  be  thrown  down  with 
zirconium  phosphate,  the  solution  should  contain  the  greatest  possible 
quantity  of  free  acid,  and  the  titanium  must  be  kept  well  oxidised  with 
hydrogen  peroxide  to  prevent  it  from  being  precipitated.  The  results 
indicate  the  formation  of  a  basic  salt  that  approaches  normal  zirconium 
phosphate,  ZrP207,  as  the  acidity  of  the  solution  is  increased.  The 
solution  may  safely  contain  3  and  perhaps  as  much  as  6  per  cent,  of 
free  sulphuric  acid. 

Corrosion  Tests  of  Iron.— E.  B.  Fehr  {Journal  of  the  American  Society 
of  Mechanical  Engineers,  October  1918,  vol.  40,  pp.  829-833)  shows 
that  trustworthy  residts  of  the  relative  corrosion  of  iron  and  iron  alloys 
may  be  obtained  on  small  specimens  without  accelerating  the  con- 
ditions, provided  that  the  same  care  is  taken  as  is  usual  in  quantitative 
chemical  analysis.  The  best  method  of  expressing  the  results  is  to 
give  the  volume  of  material  removed  in  a  given  time  from  each  unit 
of  surface.  Titanium  treated  steel  shows  considerably  less  corrosion 
than  other  steels  exposed  to  tap  water  and  to  weak  salt  solutions. 
Samples  of  pure  iron  and  of  ordinary  steel  showed  about  the  same 
amount  of  corrosion. 

Corrosion  of  Metals  by  Acids.— 0.  P.  Watts  and  N.  D.  Whipple 
{Transactions  of  the  American  Electrochemical  Society ,  1917,  vol.  32,  pp. 
257-280)  describe  acid  corrosion  tests  on  iron  and  other  metals.  The 
hypothesis  previously  put  forward  that  polarisation  by  hydrogen  is 
the  cause  of  the  protective  effect  of  arsenic  on  iron  against  corrosion 
by  sulphuric  acid  is  confirmed  by  the  facts  (1)  that  the  corrosion  by 
acids  of  iron  protected  by  arsenic  is  invariably  greatly  stimulated  by 
oxidising  agents,  and  (2)  that  arsenic  does  not  protect  iron  from  attack 
by  corrosive  agents  which  evolve  no  hydrogen  by  their  action. 

C.  E.  Fawsitt  and  A.  A.  Pain  {Proceedings  of  the  Royal  Society  of  New 
South  Wales,  September  4, 1918)  describe  experiments  on  the  behaviour 
of  iron  in  contact  with  sulphuric  acid.    The  very  slow  action  of  con 
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centrated  sulphuric  acid  on  steel  is  only  slightly  accelerated  by  dilution 
to  85  per  cent.  acid.  The  action  increases  rather  suddenly  by  dilution 
from  85  to  80  per  cent.,  and  again  by  dilution  from  70  to  65  per  cent. 

Corroiion  of  Wire  Bopei. — W.  F.  Robertson  {Iron  and  Coal  Trades 
RevieWy  March  7,  1919,  vol.  98,  p.  286)  has  presented  a  report  on  an 
accident  which  occurred  at  a  Canadian  colliery  owing  to  the  breaking 
of  a  cable.  Dealing  with  its  cause,  his  conclusions  were  that  the  failure 
of  the  cable  was  entirely  due  to  the  oxidising  of  the  wires,^ chiefly 
internally,  caused  by  apparent  lack  of  any  internal  lubrication,  leaving 
the  wires  exposed  to  the  action  of  a  more  than  normally  corrosive 
water  and  a  humid  atmosphere.  The  internal  hemp  core,  which  under 
a  sufficiently  effective  lubrication  system  would  serve  as  a  reservoir 
of  oil  to  protect  the  wires  from  corrosion,  not  being  supplied  with  oil, 
became  a  reservoir  of  acid  water  and  so  hastened  the  corrosion  of  the 
wires.  As  an  indication  that  this  sort  of  interior  corrosion  is  not  of 
unusual  occurrence,  a  piece  of  1^  inch  of  cable  from  a  Sudbury  mine 
was  tested  at  McGill  University.  It  broke  at  58,600  lb.,  whereas  the 
new  cable  had  a  breaking  strength  of  about  128,000  lb.  This  cable 
showed  but  little  deterioration  discernible  externally,  whereas  in  the 
broken  end  the  internal  corrosion  was  excessive. 

Conroiion  of  Concrete  Beinforoements. — The  failure  of  reinforced 
concrete  structures  to  withstand  the  action  of  sea-water  is  discussed 
by  H.  J.  M.  Greighton  {Paper  read  before  the  Faraday  Society,  July  23, 
1918 ;  ChemicdL  and  M^aUurgical  Engineering,  October  15,  1918. 
vol.  19,  pp.  618-623).  A  number  of  instances  of  such  failure  are  given. 
To  avoid  such  cases  occurring  the  waterproofing  should  be  carefully 
carried  out,  and  the  Schoop  coating  process  is  advooated  for  this 
purpose.  Painting  the  reimorcing  rods  is  also  recommended.  The 
bearing  of  the  problem  on  the  manufacture  of  concrete  ships  is  duly 
considered. 

Bureau  of  Standards,  Washington. — 6.  E.  Burgess  {Blast-Furnace 
and  Steel  Plant,  March,  April  1919,  vol.  7,  pp.  130-131,  195-197)  gives 
an  account  of  the  work  of  the  Bureau  of  Standards,  Washington, 
and  describes  the  laboratories  and  equipment. 
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Simplified  Rapid  Method  for  Carbon  DeterminatioiL — W.  PinkI 
{Joumai  of  American  Sted  Treaters'  Society,  January  1919,  vol.  1, 
No.  4,  pp.  133-136)  describes  a  rapid  method  for  the  determination 
of  carbon.  A  bulb  of  the  simplest  form  has  been  devised,  consiBdng 
of  a  single  chamber  with  stopcocks  at  the  entrance  and  exit,  which 
can  be  easily  wiped  dry  for  weighing.  In  a  single-chambered  bulb 
the  absorbent  must  not  only  collect  COs,  but  must  also  be  a  diyer. 
The  absorbent  which  met  these  conditions  was  a  physical  mixture  of 
c.  p.  sodium  hydroxide  and  asbestos  fibre,  and  is  prepared  by  grinding 
fresh  dry  sodium  hydroxide  with  four  times  its  bulk  of  ignited  asbestos 
fibre  in  a  porcelain  mortar,  and  after  drying  it  should  be  placed  in  air- 
tight jars  for  use  as  needed ;  1500  grammes  of  fine  steel  drillings  are 
spread  in  a  V-shaped  groove  made  in  RB  alundum  contained  in  the 
combustion  boat.  The  GO9  absorption  bulb  is  connected  to  the  tzain 
and  the  stopcocks  opened.  Oxygen  is  passed  through  the  train  at 
the  rate  of  450  cubic  tentimetres  per  minute.  After  the  sample  is 
burnt  and  the  oxygen  has  been  allowed  to  sweep  out  the  train  for  two 
minutes  after  the  fusion  has  taken  place,  the  gas  is  turned  ofE  and  the 
boat  removed.  The  absorption  bulb  is  removed,  wiped  dry,  and 
weighed,  and  the  percentage  is  calculated  in  the  usual  way  from  the 
gain  in  weight  of  the  bulb. 

Estimation  ot  Oxygen  in  Iron  and  SteeL — J.  R.  Cain  and  E.  Petti- 

john  (United  States  Bureau  of  Standards,  1919,  Technologic  Paper,  118) 
show  that  the  Ledebur  method  for  the  Hetermination  of  oxygen  in 
iron  and  steel  requires  extraordinary  precautions  to  obtain  reliable 
results.  The  Ledebur  method  as  described  determines  with  certainty 
only  oxide  of  iron,  oxides  of  manganese  (above  MnO),  and  the  oxides  of 
nickel,  copper,  and  tungsten  if  the  latter  three  ever  exist  in  steel.  In 
turn  such  oxides  are  determined  correctly  onlv  in  case  they  exist  in 
the  metal  uncombined  as  silicates,  which  probably  seldom  happens. 
The  Ledebur  oxygen  determinations  show  no  HifitingiiifthiTig  features 
for  acid  Bessemer,  basic  or  acid  open-hearth,  duplex,  electric,  or  crucible 
steel,  and  shows  no  difference  in  steels  deoxidised  with  a  variety  of 
deoxidisers. 

Estimation  of  Phosphorus. — C.  M.  Johnson  {Chemical  News,  Hardi  7, 
1919,  vol.  118,  pp.  113-115)  gives  a  method  for  the  determination  of 
phosphorus  in  vanadium  steel,  ferro-vanadium,  non-vanadium  steel, 
and  pig  iron.    It  is  claimed  that  the  method  is  simpler  than  the  old 
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acid  molybdate  method  and  the  interference  of  vanadium  prevented. 
The  method  involves  re-solution  of  the  molybdate  precipitate  and 
titration  with  standard  caustic  soda  solution,  using  phenolphthalein 
solution  as  an  indicator. 

Estimation  of  Sulphur. — ^H.  J.  Phillips  {Iran  and  Goal  Trades 
Review,  January  10,  1919,  vol.  98,  p.  41)  describes  and  illustrates  a 
simplified  form  of  apparatus  for  the  rapid  evolution  method  for  the 
estimation  of  sulphur  in  iron  and  steel.  The  apparatus  consists  merely 
of  an  Erlenmeyer  flask,  into  which  is  fitted  through  a  rubber  stopper 
a  group  of  bulbs  so  constructed  as  to  ensure  the  complete  assimilation 
of  the  sulphuretted  hydrogen  evolved,  by  any  of  the  well-known 
absorbents,  without  fear  of  the  liquid  being  ejected  out  of  the  bulbs 
or  sucked  into  the  flask  on  cooling  after  the  reaction  is  completed. 

Estimation  of  Tungsten. — F.  W.  Foote  and  E.  S.  Ransom,  jun. 
{Engineering  and  Mining  Journal,  May  4,  1918,  vol.  106,  p.  836) 
describe  a  method  for  the  rapid  estimation  of  tungsten. 

Estimation  of  Uranium. — ^A  convenient  method  for  the  determination 
of  uranium  in  alloy  steels  and  ferro-uranium  is  described  by  G.  L. 
KeUey,  F.  B.  Myers,  and  C.  B.  Illingworth  (Journal  of  Industrial  and 
Engineering  Chemistry,  April  1919,  vol.  11,  pp.  316-317). 

Speeding  up  Metallurgical  Analyses.— H.  C.  Parish  {Chemical  and 
Metallurgical  Engirheering,  September  28,  1918,  vol.  19,  pp.  505-508) 
gives  a  number  of  hints  for  speeding  up  the  analyses  of  various  metal- 
lurgical products.  For  combining  maximum  speed  and  maximum 
accuracy  in  iron  and  steel  analysis  the  use  of  the  following  methods, 
which  are  briefly  outlined,  is  advocated  : 

Silicon. — Brown's  method. 

Manganese. — Bismuthate-arsenite. 

Phosphorus. — ^Alkalimetric  titration  of  the  ammonium  phospho* 

molybdate. 
Carbon. — ^Direct  combustion  at  1000°  C.  and  absorption  of  CO. 

in  12-me8h  soda  lime  containing  15  per  cent.  HsO. 
Sulphur. — Evolution  method  and  precipitation  as  cadmium  sulphide. 

Titration  with  standard  iodine. 
Chromium. — ^A  modification  of  Barba's  process. 
Nickel. — ^A  modified  cyanide  method. 
Vanadium. — ^Johnson's  method,  titrating  with  ferrous  ammonium 

sulphate  and  using  EFeCy  as  an  indicator. 
Tttti^«ten.— Blair's  method  (Seventh  Edition,  p.  204). 

H.  C.  Kimber  {Hnd.,  pp.  512-515)  describes,  with  the  same  object, 
a  carbon-combustion  process  employing  barium  hydroxide  solution 
as  an  absorbent^  and  a  method  for  the  determination  of  chromium  in 
high-speed  tool  steel,  using  silver  nitrate  solution  and  anmionium 
persulphate  and  titrating  with  standard  permanganate. 
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Iron  Ore  Supplies  for  Scottish  Iron  Trade. — H.  A.  Wilson  {Jourm^ 
of  West  of  Scotland  Iron  and  Steel  Institute^  January  1919,  vol.  26. 
jp.  50-60)  considers  the  position  of  the  Scottish  iron  and  steel  trade 
in  relation  to  basic  ore  supplies.  The  chief  sources  abroad  to  which 
the  industry  will  have  to  look  for  future  supplies  are  Normandy,  the 
minette  district  of  Lorraine,  Scandinavia,  and  Newfoundland. 
Analysis  of  ores  from  these  regions  are  given.  Some  interesting  notes 
on  handling  and  unloading  ores  in  Scottish  ports  are  given,  and  t1>e 
importance  of  making  adequate  arrangements  for  the  discharge  of 
vessels  is  emphasised. 

Ore  Supplies  for  midlands. — W.  G.  Feamsides  {Lecture  delivered  befon 
the  Staffordshire  Iron  and  Steel  Institute,  March  6,  1919  ;  Iron  an>^ 
Coal  Trades  Review,  March  14,  1919,  vol.  98,  p.  327)  deals  with  minera! 
supplies  at  blast-furnaces  in  the  Midlands. 

French  Steel  Industry  during  the  War.-  L.  Guillet  (Bulletin  de  h 
Societe  des  Ingenieurs  Civils ;  Memoires,  1918,  Series  8,  pp.  208-22fi) 
reviews  the  condition  of  the  French  iron  and  steel  industries  before 
and  during  the  war,  and  their  future  prospects.  As  compared  vitb 
the  resources  available  in  1913,  the  position  during  the  early  part  of 
the  war  is  shown  in  the  following  table : 


Output  of 
Invaded  Zone. 

Output  of 

Zone  of 

OperatioQB. 

Output  avaiUbk 

after  tite  Battie 

of  theMame. 

Coal         ...         . 
Iron  ore   . 

Pig  iron    .... 
Steel         .... 

i^T  :    :    : 

Zinc         .... 

Per  Cent 
50 
83 
62 
58 
04 
22 
76-5 

Percent 

% 

19 
15 

PwOent 
26 
8 
19 
27 
•6 
78 
23-6 

Wages  of  Gtoman  liners. — ^A  table  is  published  showing  the  average 
wages  earned  per  shift  by  miners  in  Prussia  in  the  second  quarter  oi 
1918,  and  the  percentage  increase  on  the  wages  paid  in  the  correspond- 
ing period  in  1914.  The  figures  are  given  for  coal,  lignite,  and 
metalliferous  ores  raised  in  the  principal  mining  districts  of  Prussia. 
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(Iron  and  Coal  Trades  Review;  October  18,  1918,  vol.  97,  p.  429  ;  from 
Deutscher  Reichsdnzeiger.) 

The  Iron  Indiutry  of  the  Ukraine.— H.  Klein  (StaM  und  Eisen, 
September  19,  1918,  vol.  38,  pp.  868-871)  reviews  the  conditions  of 
the  iron  industry  in  the  Ukraine  in  1916-1917,  including  the  supplies 
of  raw  materials,  the  production,  the  labour  conditions,  and  the 
financial  prospects. 

Base  Metal  Industry.— B.  Neumann  (Oluclaufi  January  5,  1918, 
vol.  54,  pp.  6-14,  21-27,  36-39,  45-^2,  64-68,  77-^2)  reviews  the 
position  of  the  metal  industry  in  the  several  producing  countries  in 
1916.  Comparative  figures  of  the  production,  import,  and  export  of 
the  various  base  metals  are  given,  with  notes  on  the  progxesa  of  methods 
of  extraction  and  refinement  of  the  metals. 

Iron  and  Steel  Industry  in  Japan. — ^A  report  on  the  present  position 
and  future  prospects  of  the  iron  industry  of  Japan,  Manchuria,  and 
Korea  has  been  prepared  by  Messrs.  Suzuki  and  Gtoshima  for  the 
Imperial  BaUway  Board  of  Japan  {Mining  Magazine,  November  1918, 
vol.  19,  p.  280).  The  enterprise  at  Lishan  is  known  as  the  Anshanchan 
Ironworks,  and  the  local  iron  mines  from  which  the  ore  will  be  drawn 
are  to  the  south-east  of  Ansantien  station,  on  the  South  Manchurian 
railway,  about  190  miles  north  of  the  port  of  Daisen  and  60  from 
Yingkow.  Two  blast-furnaces  are  imder  construction,  and  the  output 
is  figured  at  150,000  tons  of  pig  iron  per  year.  When  the  full  scheme 
is  realised,  the  output  of  pig  iron  will  be  1,100,000  tons  per  year.  The 
reserve  of  ore  in  the  vicinity  is  estimated  at  200,000,000  tons,  and  it 
is  classed  as  h©matite.  The  coal  used  will  be  brought  from  Pen-chi-hu, 
Kaiping,  and  Fushun,  and  eventually  most  will  come  from  the  last 
named. 

The  following  are  the  producers,  with  figures  for  the  last  reported 
year's  outputs : 


Jamin* 

fiSdamitsa  .... 

Tona. 
.    281,»77«teel 

Kftyy^<^^»hT    . 

57.425  pig  and  steel 

Wankhi     .... 

.      29.970  pig 

Sennin       .... 

3J96   „ 

Kuriki       .... 

2.867    ., 

Manchuria     .... 

.      45.000   „ 

Total       ....    421.025 

This  figure  represents  about  one  quarter  of  the  consumption  of  iron 
and  steel  in  Japan  for  the  current  year. 

The  Edamitsu  iron  and  steel  works  belong  to  the  Japanese 
Government.  The  present  capacity  is  350,000  tons  of  steel  per 
year,  and  is  to  be  increased  to  650,000  tons  forthwith.  Part  of 
the  ore  or  pig  used  comes  from  the  Akutagawa  mine  in  Japan,  and  part 
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from  the  Tayeh  mine  in  China.  The  Eamaishi  enterprise  at  one  time 
belonged  Jk)  the  Japanese  Government,  but  is  now  owned  by  Chobei 
Tanaka.  Next  year  a  new  blast-furnace  will  be  in  operation,  and  then 
the  output  of  pig  will  be  155,0QP  tons.  The  Wanishi  enterprise  is 
now  owned  by  the  Hokkai  Iron  Company,  and  with  the  completion 
of  two  new  furnaces,  the  output  will  be  raised  to  50,000  tons  per  year. 
The  ore  used  comes  from  a  local  mine,  and  from  China  and  Korea. 
The  Sennin  Company  uses  local  ores,  of  which  it  has  a  reserve  of  850,000 
tons  averaging  ^  to  50  per  cent,  iron,  and  its  yearly  capacity  is  4000 
tons.  Charcoal  is  used  in  smelting,  and  the  pig,  being  of  superior 
quality,  is  in  demand  at  the  arsenals.  The  Eunki  Company  works 
under  similar  conditions  on  a  limited  scale.  In  addition  to  the  above 
producers,  there  are  a  number  of  other  enterprises  in  hand  that  will 
eventually  increase  the  total  output.  The  Mitsubishi  Company  has 
built  a  furnace  at  Eenjiho  in  north-west  Eorea  near  the  port  of  Chin- 
nampo.  Both  iron  ore  and  coal  are  found  in  this  district.  The 
Okuragumi  Hiroshima  Company  has  lately  completed  a  charcoal 
furnace  in  Japan  with  a  capacity  of  7000  tons,  for  producing  special 
steel  from  Pen-chi-hu  ores.  The  Toyo  Company  is  about  to  erect  blast- 
furnaces with  a  capacity  of  150,000  tons  per  year  at  Eyusha,  using 
ore  from  the  Tao  Chung  mine  in  China.  The  Yasukawa  foundry  at 
Eurosald  will  make  steel  from  pig  iron  produced  from  Tayeh  iron  ores. 
The  Han-yeh-ping  Coal  and  Iron  Company  working  in  China  is  about 
to  increase  its  capacity  from  100,000  tons  to  380,000  tons  per  year. 
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NOTE  ON  THE  INFLUENCE  OF  SOME  ELE- 
MENTS  ON  THE  TENACITY  OF  BASIC 
STEEL. 

{In  continuation  of  the  Paper  by  Dr.  Andrew  McWilliam,  ptMished 
in  the  Journal  of  the  Iron  and  Sted  Institute,  1918,  No.  II. 
pp.  43-55.) 

The  following  table  shows  the  results  of  tests  on  Indian  basic 
steel,  compared  with  those  given  by  the  formula  in  the  paper 
referred  to  above.  For  the  compilation  of  this  table  the  author 
.  is  indebted  to  Mr.  C.  H.  Philpott,  who  has  for  several  years,  as 
Head  of  the  Testing  Department,  represented  Messrs.  The 
Tata  Iron  and  Steel  Co.,  Ltd.,  Sakchi,  Kalimati,  B.N.  Rly., 
while  the  author  was  representing  the  Government  of  India  as 
Metallurgical  Inspector. 

At  the  author's  suggestion,  Mr.  Philpott,  who  took  great 
interest  in  the  formula,  has  made  this  hst  of  recent  tests  with 
carbon  from  0'15  to  0-70  per  cent.  The  examples  chosen  are 
not  unfavourable  to  the  formula,  but  all  the  actual  tests  were 
carefully  made  on  a  100-ton  horizontal  Buckton  testing  machine. 
The  analyses  given  were  made  on  the  actual  test-pieces. 


Anal^'sia  of  TestPieoe. 

Tensile 

Aotoal 

Section  RoUed. 

Strength 

TeuBife 
Strengtii. 

'  No. 

1  J. 

C. 

Si. 

Mn. 

S. 

P. 

by 

Foimnk. 

I 
j      1 

0-15 

0-43 

0-036 

0-062 

1"  rds. 
BiUeto. 

26-6 

26-8 

1     2 

0-16 

!!!.       0-49 

0-026 

0-030 

261 

26-5     : 

.3 

0-17 

...     1   0-66 

0033 

0-049 

6'  X  6"  X  i'  anglea. 

26-8 

28-2     . 

4 

0-18 

...     I  0-67 

0029 

0-026 

li'  diam.  r.i*. 

27-1 

27-a      1 

5 

019       ...     ;  0-67 

0028 

0-028 

9*  X  4'  channel. 

27-6 

26-9 

1      « 

0-20       ...     i  0-69 

0-030 

0-029 

tt                »t 

28-0 

27-7 

7 

0-21 

0-68 

0-031 

0018 

I'rds. 
2i^  X  i'  Oata, 

28« 

28-6 

B 

0-22 

...     -  0-68 

0030 

0-023 

28-6 

28-9 

9 

0^ 

...     ;   0-68 

0026 

0-031 

29-3 

S9-2 

10 

0-24 

...     j  0-48 

0-023 

0-016 

Billete. 

28-6 

28-7 

11 

0-26 

...        061 

0-036 

0040 

KrdB. 
BiUets. 

30-6 

30-3 

12 

0-26 

...        0-52 

0029 

0-019 

29-7 

88-6 

1    13 

1 

0-27 

0-59 

0046 

0-038 

3"  X  3*  X  r  ftnglM. 

31-0 

ao-0 
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AnalyskofTest-Piaoe. 

Tensile 

Actaal 

SeotionRoUod. 

Strength 

by 
Formoia. 

Tensile 
Strength. 

No. 

C. 

Si. 

Mn. 

8. 

1 
P.      . 

14 

0-28 

0-67 

0038 

0-030 

i'rdB. 

31-7 

320 

16 

0-29 

0*63 

0-028 

0-016  1 

6*  X  3*  X  r  angles. 
6'  X  r  flata. 

31-3 

31*0 

16 

0-30 

!!! 

0-61 

0039 

0-028  1 

32-2 

32*6 

17 

0*31 

0-66 

0-024 

0-020 

1'  sqoarea. 
li'  dUm.  zdB. 

31-4 

31-3 

18 

0-32 

0-53 

0032 

0022  , 

31-4 

31-6 

19 

0-33 

0-71 

0-030 

0-039  ' 

6"  X  3'  ohwmfll. 

34-4 

34-4 

20 

6-34 

0-70 

0-027 

0K»9  1 

Fish  bolts. 

34-4 

36*6 

21 

0-36 

0-62 

0031 

0-039 

f»        »f 

86-0 

36*6 

22 

0-36 

... 

0-69 

0-029 

0H)31 

6*  X  6'  X  f  '  «ngl«u 

36-4 

36-1 

23 

0-37 

... 

0-66 

0-024 

0061 

♦'Sisr 

36-6 

37-3 

24 

0*38 

0-60 

0-046 

0-028 

36-7 

36-4 

26 

0-39 

... 

0-69 

0-038 

0-036 

1' squares. 

36-4 

ST-T 

26 

0-40 

0-68 

0-031 

0020 

fids. 
r  rds. 

36-6 

36-9 

27 

0-41 

0-63 

0038 

0046 

37-6 

38-0 

28 
29 

0^2 
0^ 

0-60 
0-60 

0-032 
0040 

0-047 
0-038 

4'  X  K  flats. 
BilW 

37-9 
38-6 

87-9 
381 

30 

0*44 

0-67 

0-040 

0042 

6'  X  3'  channel. 

39-0 

38-3 

31 

0^ 

003 

0-78 

0-027 

0-028  : 

l^'  diafn.  ids. 

41-6 

42-2 

32 

0^ 

0-54 

0038 

0-030  < 

6'  X  3^  channel. 

36-9 

36*3 

33 

0^7 

0^02 

0-78 

0-027 

0-037 

ir  diam.  ids. 
7' squares 

42-9 

43*8 

34 

0-47 

0-20 

0-89 

0-033 

0-027  1 

44-3 

44-3 

36 

0-48 

•003 

0-66 

0-034 

0019 

40-3 

40-0 

36 

0-49 

003 

0-84 

0-066 

0063  . 

Railhead. 

46-4 

44*8 

37 

0-60 

0-03 

0*66 

0-039 

0-034  ' 

U'  diam.  ids. 
ST  diam.  ids. 

48-4 

44-0 

38 

0-61 

0-03 

0-69 

0029 

0-027  , 

48-8 

43-6 

39 

X.  0-62 

003 

0-69 

0-037 

0029  1 

Railhead. 

43-8 

44-7 

40 

N.  0-63 

003 

0-72 

0-038 

0-029 

r  diam.  rds. 

46-6 

44-6 

41 

N.0-64 

0-03 

0-66 

0-030 

0-028 

RailhoMl 

44-6 

48*9 

42 

N.  0-66 

0K)4 

0-67 

0-030 

0-026 

ff 

*5'2 

44-6 

43 

N.  0-56 

0-02 

0-79 

0-027 

0034 

47-7 

48-6 

44 

N.  0-67 

004 

0-69 

0032 

0-043 

»» 

46-7 

47-9 

46 

0-68 

0-03 

0-70 

0-041 

0K)36 

3'  X  r  flats. 

47-9 

47-6 

46 

N.  0-69 

0-02 

0-73 

0-043 

0-038 

Railhead. 

48-7 

47-9 

47 

0-60 

0-02 

0-66 

0-034 

0-046 

i» 

491 

48-2 

48 

N.  0-61 

0-03 

0-65 

0-024 

0-017 

»» 

47-7 

49-2 

49 

N.  0-62 

0-02 

0-77 

0-043 

0-030 

60-3 

48-7 

60 

N.0-63 

0-02 

0-69 

0-036 

0-021 

r> 

49-8 

50-7 

51 

N.0-64 

003 

0-79 

0037 

0036 

61-7 

61-2 

52 

N.  0-66 

0-02 

0*68 

0-028 

0-016 

;; 

60-7 

61*9 

63 

N.  0-66 

0H)1 

0-66 

0-031 

0020 

„ 

61-2 

63-6 

64 
56 

N.  0-67 
N.  0-68 

0-02 
002 

0-69 
0-77 

0-036 

o-Ko 

0-016 
0-034 

r  diiun.  ids. 

51-8 
66-6 

62-7 
66-4 

66 

N.  0-69 

0-02 

0-60 

0H)36 

0-024 

Billets. 

641 

64*8 

57 

N.  0-70 

0-03 

0-66 

0H)32 

0-043 

>t 

66-9 

66-8 

[The  MS.  of  this  Note  was  received  too  late  to  enable  it  to  be 
incorporated  in  its  proper  place  in  Section  I. — Editor.] 
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A2  T&LMsioBMATiON  in  iron,  non-allotiopio  nature  of  (Paper),  457. 

A4  TBANSFOBMATiOK  POINT  in  silicon  iron,  695. 

AoozDENTS  in  foundries,  660. 

AooouNTS,  statement  of,  7,  28,  31. 

Acn>  Bessxbieb  fbactiob  in  America,  661. 

AOID  HSABTH  AND  SLAG  {Popef),  199. 

AoiD  OPSN-HBABTH  TURNAOB,  deoiddation  and  influence  of  lime  on  {Paper),  255. 

Acids,  ooirosion  of  metals  by,  698. 

Abboplanb  ooNSTBUonoN,  heat  treatment  of  metals  used  in,  674. 

AiBORAFT,  ipterallied  specifications  for,  688. 

Alloy  stesl,  transformations  cf,  influence  of  rate  of  tempexatnre  change  on,  695. 

beat-treated,  grain  bounriaries  in,  690. 

Alitmina  inclusions  in  steel,  691. 
Amxbioa,  acid  Bessemer  practice  in,  661. 
— ^—  electric  steel  foundry  in,  668. 
Akbbioan  bolling-mills,  670. 
Analysbs,  metallurgical,  speeding  up,  701. 

chemical,  700. 

Annbauno  tubnaobs,  675. 
Annbauno  pans,  675. 
Ahnxtal  Dinnbb,  589. 

AnNITAL  MBBTINa»  1. 

ABaaNTDTB-BoLiviAN  HBLD,  petroleum  in  the,  643. 

ABTmCIAL  GAS,  644. 

Ash,  fusing  temperature  of,  635. 

Asia  Minob»  lignite  in,  639. 

AasooiATBS,  election  of,  6. 

Australia,  graphite  in,  626. 

■  iron  ore  in,  617. 

— —  ironworks  in,  662. 

B. 
Babs,  PiiABiSHBD,  roUs  for,  671. 
Basb  mxtal  industry,  703. 
Babio  stbbl  manufacture,  661. 

Bbloiak  ibok  and  stbbl  industby  during  German  Occupation  (Paper),  33. 
Bbloiom,  iron  ore  in,  618. 
Bbssbmbb  aoid  PBAonoB  in  America,  661. 
Bbssbhbb  Mbdal,  8. 


Digitized  by 


Googk 


SUBJECT  INDEX.  711 


BiBLTOOBAFHY,  705. 

Black-finishino  of  iTon  and  steel,  671. 
Blacksmiths*  Gohpany,  freedom  of,  10. 
BiiAST-ruBNAOX  by-pioduct,  potash  as  a,  651. 

oharging  hoist,  650. 

gases,  composition  of,  650. 

•  dry-oleaniijg  of,  650. 


ore  storage  at,  661. 

practice,  647. 

'  slag,  use  of  for  reinforced  concrete,  654. 

Blowino-bnoinb,  650. 

Booth  Hall  elbotbio  tubkaox  for  foundry  work,  658,  664. 

Bbazil,  iron  ore  in,  620. 

Bbibb  Hill  Stesl  Co.,  miUs  of,  670. 

Bbiquxtttng  goal,  646. 

'  of  steel  turnings,  669. 

BiTHLL-SAiiTMYBB  SYSTEM  of  using  pulvcriscd  fuel,  636. 

Bubxau  of  Standards,  Washington,  699. 

Bttbma,  coal  in,  639. 

tungsten  ore  in,  625. 

By-fboduots,  ookx,  641. 


o. 


Caloinino  kilns,  625. 

Calobifio  yaltte  of  fuel,  635. 

Canada,  iron  ore  in,  616. 

'  manganese  ore  in,  621. 

Cannel  coal,  638. 

Casbon  determination,  simplified  rapid  method  for,  700. 

Cabbon  steels,  hardening  of,  experimental  investigation  of  influence  of  rate 

of  cooling  on  (Paper),  469. 
Cabbobundum,  627. 

Cabbttbisation  of  ibon  at  low  temperatures  (Paper),  437. 
Cabnegie  Soholabshif  Awards,  11. 
Case-hardening,  673. 

— 31 —  process,  improvements  in  {Paper),  383. 
Cast  iron,  influence  of  constituents  of,  682. 
of  heat  on,  682. 


•  malleable,  660. 

•  strength  of,  shear  test  as  a  method  for  measuring,  682. 
-  teste  of,  682. 

wrought  iron,  and  steel  pipe,  comparative  value  of,  683. 


Cast  steel  chain,  manufacture  of,  i 
Castings,  malleable,  physical  properties  of,  683. 

used  in  ship  construction,  660. 

Celebes,  Island  of,  chromite  and  nickel  ore  in,  624. 
Chain,  cast  steel,  manufacture  of,  659. 
Chemical  analysis,  700. 
China,  iron  ore  in,  620. 
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^OMB  SAXDs  on  the  Pacific  coaat,  624. 
UHROBOTB,  ocouppenoes  of,  623. 
Coal  BRiQuwriNo,  646. 

• oannel,  638. 

coking,  in  Scotland,  639. 

"  oompoaition  of,  637. 
handling,  646. 

•  •  low-temperatnie  carbonisation  of  640 

• •  occurrence  of,  637. 

— oxidation  of,  638. 

pulverised,  use  of,  636. 

~Pa^,7':"  "'•  ^'"^  '^^  «'—  *•  it.  appUctioa  in  «eWI.^, 

Storage  of,  645. 

-  washing  and  handling,  646. 

Coke,  moisture  in,  640. 

COKB  BY-PBODUCTS,  641. 

CoKK-ovmr  gas,  641. 

CoKB-ovBir  PRAcnoK,  640. 

Coking  of  peat,  641. 

Cold  working,  eflfect  of,  on  fatigue,  686. 

Colloidal  fuel,  626. 

COLOUBS  of  tempered  steel,  674 

CONORBTB  BHINFOBCEMBNTS,  COITOsion  of,  609. 

CoBBosioN  Of  concrete  reinforcements,  699. 
'  •  of  metals  by  acids,  698. 

tests  of  iron,  698. 

of  wire  ropes,  699. 

COBUNDUM,  628. 

Co™.L  PBOCESS  of  electrical  precipitation,  662. 
Council,  Report  of,  14. 
Cuba,  chromite  in,  624. 

■ iron  ore  in,  621. 

manganese  ore  in,  623. 
Cupola  pbaotiob,  667. 

D. 

DAvras  PEocKss  of  baaic  steel  mannfaotnre.  Ml. 

D.onDATiON,  and  the  influence  of  lime  on  equilibrium  in  the  ,MA  ^         ^ 

fumaoe  (Paper),  266.  equuiraium  in  the  aoid  open-hearth 

-  of  steel  by  ferro-manganese,  6*2. 

DuFLBxrao,  revened,  «68. 

DySAWO  TOtTGHNBSS,  684. 

EcoKOBncs,  702. 

Emctmo  ABO  WBLDrao.  mioRwtruoture  of  iron  deporited  by.  604 

furnace  practice,  665.  ^ 

furnaces,  relation  of.  to  oentml  power  stations.  666. 
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Elbotbio  fomaoes  of  special  type,  603. 

reheating  f  amaoe,  672. 

smelting  of  iron  ore,  647. 

steel  foundry  in  America,  668. 

welding,  677. 

application  of  to  shipbuilding,  678. 

with  covered  electrodes,  678. 


•  nomenclatnre  of,  679. 


Elsotbioal  Engikexbs,  Institutiok  07,  joints  meeting  with,  12. 

EUBOTBICALLY-DBiyEN  BOLLINO-MILL8,  670. 

Ej^botbodb  AimrEAUSQ  ruBNAOB,  667. 
Elbotbodbs,  covered,  electric  welding  with,  678. 

for  steel  furnaces,  667. 

Elbotbolytio  FioKLiKa  and  its  effects  on  physical  properties  of  steel,  680. 

EliBOTBOSTATIO  SBPABATION  of  fluC-dust,  651. 

Enamblcing  of  steel,  681. 
Englakd,  lignite  in,  638. 
■  natural  gas  in,  644. 

Ebosioit  of  guns,  688. 


Fatigttb,  effect  of  cold  working  on,  686. 
Fbbbo-aUiOYS,  manufacture  of,  667. 
Fbbbo-obbittm,  manufacture  of,  668. 
FxBBO-MANGANBSB,  dcoxidation  of  steel  by,  662. 

manufacture  of,  660. 

Febbo-ziboonixjm,  607. 

FiLBS,  some  points  in  the  manufacture  of  (Paper),  346. 

FiNLAjn),  iron  ore  in,  619. 

!FiBBBBiGKS,  corrosive  action  of  flue-dust  on,  632. 

manufacture  of,  628. 

FiBBOLATS,  constituents  of,  626. 

Flaxt  akd  woody  stbbl,  692. 

Flamb  spbotba  of  iron,  696. 

Flub-di}%t,  corrosive  action  of,  on  firebricks,  632. 

electrostatic  separation  of,  661. 

FoBGiKG  and  rolling-miU  .practice,  670. 

influence  of,  on  specific  density  of  steel,  673. 

FoTTNDBiBS,  accidonts  in,  660. 
FoxnmBY  oobb  sakd,  mixing,  669. 

FOUKDBY  PBACnOB,  667. 

,  standardisation  of,  667. 

FoxTKDBY  SAND,  preparation  of,  669. 
Fbakob,  iron  ore  in,  618. 

,  manufacture  of  refractory  materials  in,  62S. 

Fbbbob  8TBBL  INDUSTBY  during  the  war,  702. 
FuBL,  636. 

colloidal,  636. 

■  ■  ■   ■      economy,  637. 
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'FwsL,  low-grade,  produoer-gas  from,  646. 

FuBNAGB  SPBOTRA  of  iron,  696. 

FuBNAOBS.    See  under  BUst-fomaoe,  Onxoible,  Eleotrio,  fto. 

Fusma  tempsbatubb  of  ash,  636. 

G. 

Gas,  natural,  644. 

from  oil  wells,  643. 

Qab-snoinibs,  large,  wear  and  teat  of,  646. 
Gas-fboduokb  PKAoncx,  644. 
Gas-fbodttobbs,  644. 

GAS-BBYBBSINa  YALYB,  663. 

Gasbs,  blast-fnmaoe,  composition  of,  650. 

ooolusion  of,  in  metals,  689. 

Gbabs,  heat  treatment  of  steel  for,  674. 

GBbbian  lONBRS,  wages  of,  702. 

Gbbmany,  iron  ore  in,  618. 

Grain  boundabibs  in  heat-treated  alloy  steels,  690. 

Gbain  sizb  and  meohanioal  properties  of  metals,  691. 

Gbaphitb  in  Australia,  626. 

Gbafhitisation  in  iron-oarbon  alloys  (Paper),  566. 

Gbbat  Bbttain,  iron  ore  resouroes  of,  616. 

GUBS,  erosion  of,  688. 

H. 

UABDBNiNa  ov  OABBON  9TBBLS,  experimental  inTestigation  of  influenoe  of  xat« 

of  cooling  on  the  {Paper),  469. 
Habdkbss,  definition  of,  683. 

determination  of,  684. 

Hbat,  waste,  utilisation  of,  637. 

Hbat  tbbathbbt  fit^aoes,  application  of  surface  combustion  to,  674. 

Hbatinq  fubnacbs,  675. 

Heboult  electric  furnace,  664. 

Hbtbbogbnbity  of  steel,  690. 

HiQH-SFBBD  STBBL,  manufacture  of,  667. 

manufacture  and  working  of,  306. 

note  on  surface  tension  effects  in,  429. 

welding,  680. 

HiOH-spuED  TOOL  STBBLS,    moleoular  constitution    of,  and    oorrelationa    with 

latiie  effioivncies  {Paper),  407. 
HiSTOBY  of  the  iron-carbon  theory,  605. 

of  the  puddling-  process*  664. 

HoLLAKD,  iron  ore  in,  619. 

Hot  dbfobmation,  influenoe  of,  on  the  qualities  of  steel,  685. 

I. 
Ikolusiovs,  alumina,  in  steel,  691. 
Inqots,  casting  and  treatment  of,  668. 
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Manoanbsb  in  ekg,  efieot  of»  as  a  fertiliser,  654. 
Mahqakbsb  aixoys  in  open-hearth  pcaotioe,  662. 
Manganese  and  opbn-hsabth  rails,  687. 
Manganese  orb,  crystallogFaphy  of,  622. 

oconrrenoes  of,  621. 

Magnesite,  analyses  of,  627. 

— -^—  properties  and  composition  of,  627. 

Meohanioal  babbles  in  puddling,  655. 

Mbbcbebs,  election  of,  1. 

Mbtalluboy,  steel,  modem  {Paper),  143. 

Metals,  coirosion  of,  by  acids,  698. 

examination  of,  application  of  Rontgen  rays  to  the,  689. 

grain  size  in,  691. 

ooolnsion  of  gases  in,  689. 

Mexico,  iron  ore  in,  621. 

MiOBOGBAFHio  SFBdMENS,  illumination  of,  694 

Miobostbttotube  of  steel,  693. 

Midlands,  ore  supplies  for  the,  702. 

Miners,  Gbbman,  wages  of,  702. 

Molybdenttm,  624. 

MONEL  METAL,  687. 

N. 

National  Rbsbaboh  Gounoil,  Washington,  tf.S.A.,  work  of  (Paper),  133 . 

Natural  gas,  644. 

Neeland  water-cooled  buckstay,  663. 

Newfoxtndland,  iron  ore  in,  617. 

New  South  Wales,  iron  ore  in,  617. 

Nickel  ore,  in  the  Celebes,  624. 

in  South  Africa,  624. 

Nomenclature  of  electric  welding,  679. 
Notch  toughness,  684. 

o. 

Occlusion  of  gases  in  metals,  689. 

Oil-fields,  Persian,  geology  of,  642. 

Oil  shale,  Kimmeridge,  642. 

Oil  wells,  gas  from,  643. 

Open-hearth  furnace,  acid,  dooxidation  and  influence  of  lime  on  equilibrium 

of  (Paper),  265. 
Ore  supplies  for  Midlands,  702. 
Orb  storage  at  blast-furnaces,  651. 
Oxygen,  estimation  of,  in  iron  and  steel,  700. 

P.   . 

Pacifio  coast,  chrome  sands  on,  624. 

Pattebns,  659. 

Pbat,  coking  of,  641. 

Persian  oil-fields,  geology  of,  642. 
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Pbtbolxum  HnmrG,  643. 
■  ocounenoe  of,  642. 

in  the  United  Kingdom,  searoh  for,  642. 

Phosphobus,  estimation  of,  700. 

etohing  reagent,  690. 

Physical  and  ohkuioal  fbopbhuxs,  682. 

Pickling,  blbctbolytic,  and  its  effects  on  physical  properties  of  steel,  680. 

PiCKtJNG  STEBTi,  680. 

Pig  moN,  grading  of,  649. 
Piston  bings,  iron,  casting  of,  659. 
Planishbd  babs,  rolls  for,  671. 
Platx  tubnovbb  for  tandem  mill,  671. 
Poland,  ooal  in,  639. 
Potash  as  a  blast-fomaoe  by-product,  651. 
'  manufacture,  bibliography  of,  651. 
Pbesidbnt,  speech  at  Dinner  by,  592. 
Pbooxssxs,  steel,  calculation  and  comparison  of  {Paper)^  143. 
Pboduceb-gas,  enrichment  of,  644. 

from  low-grade  fuel,  645. 

from  wood,  646. 

Puddling,  654. 

Puddling  fbocbss,  history  of  the,  654. 

PULYBBISBD  COAL,  USe  of,  636. 

use  of,  with  special  reference  to  its  application  in  metalluigy  (Paper),  47. 

Pybombtby,  635. 

Q. 

Quxbnsland,  iron  ore  in,  617. 

R. 

Rails,  manganese  and  open-hearth,  687. 

Sandberg  sorbitio  process  for  treating,  687. 


•  steel,  stresses  in,  686. 


Rbfbactobibs,  influence  of  slag  tempsrature  on,  633. 
Befbaotoby  matbbials,  626. 

mmmfacture  of,  in  France,  628. 

standardisation  of,  628. 

Bbhbating  fubnacbs,  672. 

electric,  672. 

Rbinfobobd  conobbtb  for  storage  tanks,  641. 

use  of  blast-furnace  slag  for,  654. 

Bbsilibngx,  instrumental  indication  of,  685. 
Bbybbgen  bbhbating  fubnaox,  672. 
Bbvbbsbd  duflxxing,  658. 
BoLLiNG-MiLLS,  American,  670. 

design,  670. 

electrically  driven,  670. 


>  motors,  rating  of,  670. 

BOLLZNG-IOLL  PBACTIOX,  670. 

Rolls  for  planished  bars,  671. 
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BOiTFasN  BATS,  application  of,  to  the  examination  of  metab,  689. 
Russia^  South,  sheet  iron  manufactnre  in,  671. 


S. 
SAND-OASTnra  nrooTS,  669. 
Sanbbebg  soBBinc  FEOOBSS  for  treating  rails,  687. 
Sakds  for  refractory  purposes,  626. 
"  Scabs  "  in  steel,  693. 
SoANDiNAYTA,  iron  ore  in,  619. 
Scotland,  coking  coal  in,  639. 
Scottish  iron  trade,  iron  ore  supplies  for,  702. 
Semi-stebl  shells,  658. 

Shear  test  as  a  method  for  measuring  strength  of  oast  iron,  682. 
Sheet  iron  manufacture  in  South  Russia,  671. 
Shells,  manufacture  of,  676. 
Shetlands,  ohromite  in,  623. 
Shiher  case-hardsnino  process,  673. 
'  SmPBXTiLDiNa,  application  of  electric  welding  t^,  678. 
SnjcA  BRiOR,  chemical  analysis  of,  631. 

manufacture  and  testing  of,  629. 

Snjco-MANOANESB,  UBC  of,  in  steel-making,  662. 

Slag  and  add  hearth  {Paper),  199. 

Slac(  cement,  653. 

Slag  temperature,  influenoe  of,  on  refractories,  633. 

Slags,  653.  ^ 

Slavianoff  arc-welding  process,  677. 

Smith  gas-producer,  644. 

Snow  bloyting-enqinb,  660. 

"  Snowflakbs  "  in  steel,  693. 

South  African  iron  industry,  652. 

■  nickel  ore  in,  624. 
SoRBmo  process,  Sandberg,  for  treating  rails,  687. 
SPECiFia  density  of  steel,  influenoe  of  forging  on,  673. 
Specifications,  688. 

interallied,  for  aircraft,  688. 

Spitzbbrgen,  iron  ore  in,  620. 

Springs,  manufacture  and  testing  of,  675. 

Standardisation  of  foundry  practice,  657. 

'  of  refractory  materials,  628. 

Standards,  Bureau  of,  Washington,  699. 

Static  toughness,  684. 

Steel,  alumina  inclusions  in,  691. 

— —  basic,  manufacture  of,  661. 

black-finishing  of,  671. 

-~—  carbon,  experimental  investigation  of  influenoe  of  rate  of  cooling  on 

{Paper),  469. 
'    '    '   •  causes  of  failures  in,  687. 
deozidation  of,  by  feno-manganese,  662. 


•  enamelling  of,  681. 
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Stxxl,  farther  treatment  of,  673 

" heat  treatment  of,  for  gears,  674. 

■  heterogeneity  of,  690. 

high-speed,  mannfaotnre  and  working  of,  306. 

■'  ■         note  on  snrfaoe  tension  effects  in,  429. 

molecular  constitutions   of,    and  their  coixelations   with    lathe 


efficiencies  {Paper),  407. 
—  influence  of  forging  on  specific  density  of,  673. 
of  hot  deformation  on  the,  685. 


■  internal  stresses  in,  685. 
liquid,  surface  tension  of,  695. 

metallurgy,  modem  comparison  of  processes  of  {Paper),  143. 

■  micTOstmcture  of,  693. 

■  ■  ■   ■  mild,  welding  of,  691. 

pickling  of,  680. 

-^^—  production  of,  661. 

■  '    ■     properties  of,  effect  of  electrolytic  pickling  on,  680. 

■  ■    ■     rolled,  physical  tests  of,  685. 

■  ■    ■      selection  and  treatment  of,  674. 

■  tempered,  colours  of,  674. 
tool,  heat  treatment  of,  673. 

■  siroonium,  696. 

Sibil,  aixot,  transformations  of,  influence  of  rate  of  temperature  change  on,  695. 

Btbsl  fubkaoss,  electrodes  for,  667. 

— — —  repairing  stacks  of,  662. 

Stkel,  moH-sPBBD,  Hianufacture  of,  667. 

wekiing  of,  680. 

Stivl-makino,  use  of  silioo-manganese  in,  662. 

Stesl  bails,  stresses  in,  686. 

Stsbl  tubninos,  briquetting  of,  659. 

Stbxl  wheels,  pressed,  676. 

Stsslwobks  equipment,  663. 

Stbbaju,  high-phosphorus,  and  transyerse-fissure  rails,  687. 

Stbsssbs,  repeated,  efifeot  of,  685. 

Stbip,  manufacture  of,  671. 

SuBPAOE  oombustiok,  application  of,  to  heat  treatment  furnaces,  674. 

Sttbvaob  tension  of  liquid  steel,  695. 

SiTLPHUB,  estimation  of,  701. 

T. 

Tab,  apparatus  for  testing,  641. 

Tasmania,  iron  ore  in,  617. 

Tempebbd  steel,  colours  of,  674. 

Tenaoitt  of  basic  steel,  influence  of  elements  on  (appendix),  708. 

Tests,  x'hysieal,  of  rolled  steel,  685. 

TiNPLATE,  microstructure  of,  694. 

value  of  thick  and  thin  coatings  on»  680. 

Tool  steels,  heat  treatment  of,  673. 

high-speed,  molecular  constitutions  of,  and  their  ooirelations  with  lathe 

efficiencies  (Paper),  407. 
TBANSVEBSE-nssxTBE  BAILS  and  high-phosphorus  streaks,  687. 
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TmxQSTWX,  estimation  of,  701. 

produotion  of,  668. 

TuNOSTBN  OBBS,  genesis  of,  625. 
ocourrenoe  of,  626. 

u. 

Uebainb,  iron  indnstry  of  the,  703. 

nuuiganese  ore  in  the,  621. 

Ubaioum,  estimation  of,  701. 

Unptei)  Kingdom,  search  for  petroleum  in,  642. 

Ukitbd  Statbs,  lignite  in,  639. 

manganese  ore  in,  621. 

U.S.  National  Reseabch  CotTKOiL,  work  of  {Paper),  133. 


Valve,  oas-bevbbsino,  663. 

w. 

Wages  of  German  miners,  702. 

Washinqton  National  BssEABeH  Council,  work  of  {Paper),  13TI. 
Wateb-goolsd  bqttifmsnt  in  open-hearth  praoticej  663. 
Welding  frocsssbs,  676. 

eleotrio,  application  of  in  shipbuilding,  677,  678. 

with  covered  electrodes,  678. 

•  axe,  microstruoture  of  iron  deposited  by,  694.* 


>  high-speed  steel,  680. 
mild  steel,  691. 


Welds,  path  of  rupture  in,  679. 
tests  of  soundness  of,  679. 

WELLUAN-SEAVSa-MOBGAN  GAS-BEVEBSINa  YALVB,  663. 

West  Austbalia,  iron  ore  in,  617. 

Wheels,  pressed  steel,  676. 

Wild-Babbield  elbotbio  stbel  habdbning  fubnaoe,  675. 

WiBE  BOPES,  corrosion  of,  699. 

Wood,  producer-gas  from,  645. 

Woody  and  flaky  stebl,  692. 

Wbought  ibon,  microstruoture  of,  693. 

X. 

X-BAYS,  examination  of  metals  by,  689. 

z. 

ZiBOONiA,  sonroes  and  properties  of,  626. 
■  and  zirconium  in  metallurgy,  668. 
ZiBOONiUM  phoephate»  precipitation  of,  698. 
steeC  696. 
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Abell,  W.  S.»  elected  member,  1. 

,  on  eleotrio  welding,  677. 

Adah,  A.  T.,  awaided  Oamegie  Soholaisbip,  11. 

Adams,  0.  A.,  on  applioation  of  eleotrio  welding  to  shipbuilding,  679. 

Adamson,  £.,  on  graphitisation  in  iron-carbon  alloys,  581. 

on  influence  of  heat  on  oast  iron,  682. 

Abamson,  Sir  H.,  on  coal  in  Burma,  639. 

AomLAB,  F.  M.  de  Souza,  on  iron  ore  in  Brazil,  620. 

Alden,  G.  J.,  on  grinding,  680. 

Allen,  Major  Douglas  Charles,  elected  member,  1. 

Alleh,  Myron  A.,  elected  member,  1. 

A2n>EAK,  Thomas  John,  elected  member,  2. 

AiTDBBSOK,  J.  H.,  on  storage  of  coal,  645. 

AsDSxvr,  J.  H.,  and  G.  W.  Gehbk— 

Paper  on  "  Manufacture  and  working  of  high-speed  steel,"  305 ;  casting 
data,  308 ;  microstructure  of  cast  ingots  after  being  annealed,  308 ;  cogging 
down  of  ingot  to  3}-inch  square  billet,  310 ;  microstructure  of  3|-inch  square 
billet,  312 ;  cogging  down  from  3)  inches  to  If  inches,  312 ;  rolling  from 
Scinches  to  2^  inches  square,  314;  l^inoh  square  and  round  billets,  314 ; 
hardening,  318 ;  cutting  tests,  322 ;  segregation  of  tool  steel  ingots,  322 ; 
experiments  upon  the  elimination  of  carbide  lines,  326 ;  Brinell  hardness  of 
A.W.  steel,  327 ;  h&ating  and  cooling  curves  of  A.  W.  steel,  328 ;  annealing 
treatment,  330 ;  secondary  hardening,  331 ;  failures  in  tools,  333 ;  summary 
and  conclusions,  335. — Diacuanon :  H.  M.  Howe,  337 ;  G.  A.  Edwards,  337 ; 
H.  H.  Ashdown,  338 ;  W.  H.  Hatfield,  339 ;  C  G.  Carlisle,  340 ;  F.  Bogeis, 
341 ;  H.  J.  Stagg,  jun.,  Mi.-^orreapondence :  J.  F.  Kayaer,  342 ;  J.  H. 
Andrew  and  G.  W.  Gieen  (r ep2y),  343. 

Andbew,  J.  H.y  on  molecular  constitutions  of  high-speed  tool  steels,  43 1» 

Aeslow,  IVank,  elected  member,  2. 

Abghbb,  B.  S.,  on  grain  boundaries  in  heat-treated  alloy  steels,  690. 

Abnold,  J.  0.-- 

Paper  on  "Molecular  constitutions  of  high-speed  tool  steels  and  their 
correlations  with  lathe  efSdencies,"  407;  condensed  results  and  biUio- 
*  graphy  of  preliminary  researohes  by  Arnold  and  Bead,  407.  Part  I.  Chemical 
constitutions  of  high-speed  steel,  409 ;  outline  of  research  scheme,  409 ; 
electrolytic  difEerential  analyses  of  the  carbide  and  tungBtide,  410 ;  micro* 
graphic  analysis,  415;  absorption  and  recaleaoence  curves,  416.  Part  Hi 
Correlation  of  the  chemical  and  miorographio  analyses  with  lathe  efficiencies 
of  the  series,  418 ;  practical  and  theoretical  deductions,  420 ;  aoknowledg- 
mentB,423.    Appendices  I.  to  IV.,  424r428.     *•  Note  on  surface  tenaion  effecta 
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in  high-speed  steels,"  by  F.  C  Thompeon,  ^9'-— Correspondence  :    J.  H. 

Andrew  and  G.  W.  Green.  431 ;  £.  D.  Campbell,  432 ;  J.  F.  Kayser,  433. 
Abkold*  J.  0.,  awarded  Carnegie  Soholarship,  11. 
Abhott,  J.,  on  Monel  metal,  687. 
ASAHABA,  G. — 

Paper  on  "  Graphitisation  in  iron-oarbon  alloys."    See  Honda,  K. 
AsHDOWN,  H.  H.,  on  high-speed  steel,  338. 
— ^  on  maoro-etohing  and  macro-printing,  293. 
AuGUSTiKB,  C  £.,  on  combustion  of  lignite,  036. 
AuLD,  James  Paton,  elected  member,  2. 
Ayebs,  J.  G.,  jmi.,  on  determination  of  hardness,  684. 
on  microstruotuie  of  steel,  690. 

B. 

Baglet,  Chas.  H.  F.— 

Paper  on  '*  Modem  steel  metallurgy  (calculation  and  oompariaon  of  pro- 
cesses)," 143 ;  steelworks  slags,  146 ;  method  of  calculation,  148  ;  sulphur 
in  the  basic  process,  163;  Bessemer  acid  proooss,  with  molten  hflamatite  iron 
(mixed  Nos.),  156;  Bessemer  basic  process  with  molten  "Thomaa"  iron, 
167 ;  basic  open-hearth  (Talbot)  process,  168 ;  cold  pig  and  aoz&p  in  hot 
metal  open-hearth  basic  practice,  161 ;  cold  pig  iron  and  scrap  proecoacg, 
162;  *' Duplex"  processes,  171;  effect  of  slag  make  on  output  of  open- 
hearth  furnace,  182;  operating  ordexs,  187;  phosphate  thLgft,  183; 
'*  general  "  quality  of  steels,  189.— i>MOttMion :  B.  Talbot,  192  ;  F.  W. 
Harbord,  193;  T.  Twynam,  193;  T-  Turner,  194;  J.  £.  Stead,  1$M».— 
Correspondence:  J.  £.  Fletcher,  196;  F.  Rogers,  196;  B.  Taneake,  196: 
C.  H.  F.  Bagley  (reply),  197. 

Baen,  H.  Foster,  on  iron  ore  in  China,  620. 

Baikbbidoe,  Frank,  elected  member,  2- 

awarded  Carnegie  Scholarship,  11. 

Bakxb,  T.,  on  manufacture  of  files,  379. 

— ^—  on  occlusion  of  gases  in  metals,  689. 

Babolat,  Sidney  Fraser,  elected  member,  2. 

Babbett,  J.  C,  on  dry-cleaning  blast-furnace  gas,  660. 

Babbingeb,  L.  £.,  on  enamelling  steel,  681. 

Babtlett,  J.  H.,  on  application  of  surface  combustion  to  heat  treatment  foxnaoes. 
674, 

Batsoit,  B.  G.  C.,  on  determination  of  hardness,  684. 

Bbabdmobe,  Sir  W.,  presentation  of  freedom  of  Blacksmiths'  Company,  10. 

— speech  at  Dinner  by,  612. 

on  use  of  pulverised  coal,  124. 

Bexb,  Guide,  elected  member,  2. 

Benedicks,  C.,  on  the  non-allotropio  nature  of  the  A2  transformation  in  iion»  466. 

Bebbslavsxy,  E.,  on  slag  cement,  663. 

Bbbthelot,  C.,  on  coke  by-products,  641. 

BiBBT,  J.,  on  electric  smelting  of  iron  ore,  647. 

BiED,  on  manufacture  of  silica  bricks,  630. 

Bigot,  A.,  on  manufacture  of  silica  fariclo,  629. 

BxiAGHE,  F.,  on  producer-gas  from  low-grade  fuel,  645. 
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Blatohfobd,  T.,  on  graphite  in  Australia,  026. 
BoorrcH,  B.,  on  heterogeneity  of  steel,  690. 

on  manufacture  and  testing  of  silica  bricks,  629. 

Booth,  W.  K.,  on  electric  furnace  of  special  type,  664. 

Booth,  W.  L.,  on  sand-casting  ingots,  669. 

BoBDEAiJZ,  A.,  on  iron  ore  in  Fnuice,  618. 

BoswBLL,  P.  G.  fi.,  on  sands  for  refractory  purposes,  626. 

JioTTOMLBT,  Cyril,  elected  member,  2. 

BouBins,  George  H.,  elected  member,  2. 

BBADTOBDy  L.,  on  ziroonia  and  zirconium  in  metallurgy,  668. 

Bbaoo,  W.  H.,  on  X-ray  examination  of  metals,  690. 

Bbaid,  a.  F.,  on  manufacture  of  ferro-aUoys,  668. 

Bbayshaw*  S.  N.,  on  heat  treatment  of  tool  steels,  673. 

BBomswsKi,  W.,  on  history  of  the  iron-carbon  theory,  694. 

Bbooks,  Maurice,  elected  member,  2. 

Bbooksbajtc,  J.,  on  X-ray  examination  of  metals,  690. 

Brown,  George  Matthews,  elected  member,  2. 

Buck,  M.  B.,  on  value  of  thick  and  thin  coatings  on  tinplates,  681. 

BuBOBSS,  G.  K.,  on  Bureau  of  Standards,  Washington,  699. 

Bush,  H.  J.,  on  electrostatic  separation  of  flue-dust,  661. 

Busk,  H.  G.,  on  geology  of  the  Persian  oil-fields,  642. 


o. 

Oadt,  J.  B.,  on  estimation  ol  oxygen  in  iron  and  steel,  700. 

OAU>w:rftL,  J.,  on  electric  welding,  677. 

Caxbon,  Paul  (French  Ambassador),  speech  at  Dinner  by,  607. 

Oamfbmx,  C  M.,  on  steel  foundry  practice,  657/ 

Campbell,  E.  D.,  on  mol^ular  constitutions  of  high-speed  tool  steels,  432. 

Campbsll,  J.  M.,  on  tungsten  ores  in  Burma,  625. 

Oamfbbll  Johnston,  B.  C,  on  iron  ore  in  Canada,  616. 

Campion,  A.,  on  influence  of  constituents  of  oast  iron,  682. 

Capp,  J.  A.,  on  electric  welding,  677. 

Cart.tsltc,  C.  G.,  on  high-speed  steel,  340. 

Cakphetteb,  £[.  C  H.,  on  carburisation  of  iron  at  low  temperatures,  442. 

on  the  liquidus  in  the  iron-carbon  diagram,  456. 

Cabsinoton,  G.,  on  use  of  pulyerised  coal,  120. 
Cave,  H.,  on  welding  processes,  676. 
CSSASO,  G. — 

Ta/ptT  :  *'  Note  on  the  liquidus  in  the  iron-oarboo  diagram,"  447. — Corrt- 
apondenee  :  H.  C  H.  Carpenter,  456. 
Chantbt,  Fred.,  elected  member,  2. 
Chabpy,  Georges,  elected  member,  2. 
on  influence  of  hot-deformation  on  the  quaUties  of  steel,  685. 


on  interallied  specifications  for  aircraft,  688. 

Chabtbbs,  Charles  Borthwick,  elected  member,  2. 
Chlxbnikow,  K.  C,  on  manganese  ore  in  the  Vknioe,  621. 
Chopra,  Narain  Das,  elected  member,  2. 
Cbbibkmas,  B.  B.,  on  use  of  pulverised  coal,  124' 
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Olattok,  G.  Y.,  on  flaky  and  woody  Bteel»  692. 

Claytov,  Melville  Giaham,  elected  member,  2. 

CuatMSTSf  J.  m*  on  petroleum  in  Japan,  643. 

CLOxn>,  Oedrio  Charles,  elected  member,  2. 

Conur,  W.  C,  on  water-cooled  equipment  in  open-hearth  praotioe,  663. 

Collins,  H.  B.,  on  use  of  pulverised  coal,  636. 

CoLQTTHOTm,  W*,  On  coke-oven  praotioe,  640. 

CoxsTOOK,  Q.  F.,  on  microstraotnre  of  iron  deposited  by  electric  arc  welding,  694 

on  transverse-fissnre  rails  and  high-phosphorus  streaks,  687. 

Cons,  E.  F.,  on  casting  iron  piston  ringis,  659- 

Coos,  Maurice,  elected  associate,  6. 

Cooks,  Henry  Aitken,  elected  associate,  6. 

CooPSB»  A.,  on  Belgian  iron  and  steel  industry  and  the  Great  War,  44. 

CoBBSTT,  E.  E.,  on  pickling  steel,  680. 

CoTTBELL,  F.  G.,  on  work  of  U.S.  National  Research  Council,  139. 

CoTTLSON,  J.,  on  electrolytic  pickling  and  its  efEects  on  ph3rBical  properties  of 

steel,  680. 
CauGHTON,  H.  J.  M.,  on  corrosion  of  concrete  reinforcements,  699. 
Cbookstt,  a.  E.,  on  Tnanufaoture  of  cast  steel  chain,  659. 
Cbook,  T.,  on  properties  and  composition  of  magnesite,  627. 
Cboss,  Wilson,  appointed  scrutineer,  1. 
Obowdy,  Thomas,  elected  member,  2. 
CuBsn,  lieat.  Algsmon  L.,  elected  member,  2. 


D. 

Dablino,  S.  M.,  on  lignite  in  the  United  States,  639. 

Dauthin,  L.,  on  manufacture  of  silica  brick,  630. 

Daviss,  J.  H.,  on  welding  processes,  676. 

DsAN,  J.  G.,  on  potash  as  a  blast-furnace  by-product,  651. 

Ds  Lavaud  process  of  casting  piston  rings,  659. 

DsMBNOB,  E.,  on  erosion  of  guns,  688. 

DsMOZAY,  Luden,  elected  member,  2. 

DsNNisoN,  William  Edmund,  elected  member,  3- 

Dbsoh,  C.  H.,  on  history  of  the  puddling  process,  654. 

Dickenson,  J.  H.  S.,  on  macro-etching  and  macro-printing,  294. 

Dillbb,  H.  E.,  on  malleable  cast  iron,  660. 

DosBB,  H.  E.,  on  influence  of  forging  on  specific  density  of  steel,  673. 

Donald,  W.»  on  properties  and  composition  of  magnesite,  627. 

Dbtbubgh,  Alexander  Peter,  elected  member,  3. 

DuoKaAM,  Sir  Arthur,  speech  at  Dinner  by,  610. 

DUPSBBON,  0.,  on  fuel  economy,  637. 


B. 

£a8S0N»  W*  H.,  on  the  Heroult  electric  furnace,  665. 
Edgab^  J.,  on  castings  used  in  ship  construction,  660. 
Edobbion,  C.  T.,  on  manufacture  and  testing  of  springs,  676. 
Edwards,  0.  A.,  on  determination  of  hardness,  684. 
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Sdwabdb,  C.  a.,  on  high-speed  steel,  337. 

EiXJOOK,  Edwaid  V^lson,  elected  assooiate,  6. 

Elub,  0«  W.»  on  maoro-etohing  and  macro-printing,  295. 

Ellxson,  Edmund  George,  elected  member,  3. 

Emeby,  W.,  on  ooiTOsivo  action  of  flue-dust  on  firebricks,  632. 

EscABD,  J.,  on  electric  furnace  practice,  666. 

on  manufacture  of  ferro-alloys,  667. 

EsGHHOLZ,  0.  H.,  on  electric  welding,  677. 

•  on  ebctrostatio  separation  of  fine -dust,  6.51. 


•  on  tests  of  soundness  of  welds,  679. 


EsTXP,  H.  Cole,  elected  member,  3. 

Etohxlls,  H.,  on  electric  furnaces,  665. 

Eyaks,  J.  W.,  on  manufacture  of  ferro-alloys,  668. 


F. 

Fawsftt,  0.  E.,  on  corrosion  of  metab  by  acids,  698. 
Fbabhsidxs,  W.  G.,  on  ore  supplies  for  Midlands,  702- 
FxHBy  B.  B.,  on  corrosion  tests  of  iron,  698. 
FxiLD,  A*  L.,  on  deoxidation  of  steel  by  fezro-manganese,  662. 

on  fusing  temperature  of  ash^  636. 

EnELDKBB,  A.  G.,  on  fusing  temperature  of  ash,  635. 

on  moisture  in  coke,  640. 

FiNiEL,  W.,  on  simplified  rapid  method  for  carbon  determination,  700. 
Ftjbtohzb,  J.  E.,  on  the  acid  hearth  and  slag,  247. 

on  carbunsation  of  iron  at  low  temperatures,  44  i. 

on  giaphitisation  in  iron-carbon  alloys,  582. 

on  modem  steel  metallurgy,  195. 

on  sand-casting  ingots,  669. 

on  use  of  pulverised  coal,  123. 

FLDrrxBiiAM,  B.  F.,  on  steel  foundry  practice,  658. 
Foley,  F.  B.,  on  flaky  and  woody  steel,  692. 
FooTE,  F.  W.,  on  estimation  of  tungsten,  701. 
Fbeemak,  p.  J.;  on  sl<»g  cement,  653, 
Fbbkoet,  0.,  on  effect  of  repeated  stresses,  685. 

on  shear  test  as  a  method  for  measuring  the  strength  of  cast  iron,  ( 

Fbebiohs,  F.  W.»  on  reinforced  concrete  for  storage  tanks,  641. 


a. 

GABAin>,  L.,  on  rolls  for  planished  ban,  671. 
Gaboon,  J.,  on  zirconium  steel,  696. 
Gabbom,  John  William,  elected  member,  3. 
Gabyin,  M. — 

Paper  on  "  The  experimental  investigation  of  the  influence  of  the  rate  of 

cooling  on  the  hardening  of  carbon  steels."    See  Portevin,  A.  M. 
Gbddss,  Sir  Auckland,  speech  at  Dinner  by,  601. 
GiBHABD,  W.  P.,  on  comparative  value  of  cast  iron  and  wrought  iron,  and  steel 

pipe,  683. 
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OiOLrm,  F.,  on  Gsky  and  woody  steel,  6d2. 

GiBASD,  M.,  on  inteiullied  speoifioations  for  aironft,  688. 

GooDAix,  S.  v.,  on  application  of  eleotric  welding  to  Bhipbuilding,  679. 

GooDGHiLD,  W.  H.,  on  formation  of  ore  deposits,  616. 

Gordon,  Frederic  Donald,  elected  member,  3. 

GoBBOK,  Frederick  Felix,  elected  member,  3. 

GoBDON,  John  Robertson,  elected  member,  3. 

GoSHiMA,  on  iron  and  steel  industry  in  Japan,  703. 

GowiBR,  William  Edward,  elected  member,  3. 

Graham,  Ohco'les  Stanley,  elected  member,  3- 

■     on  mannfaotuxe  of  silica  bricks,  631. 
Graham,  W.  H.,  on  coal  washing,  646. 
Granger,  M.  A.,  on  sonroes  and  properties  of  siroonia,  626. 
Graitt,  Gapt.  Donald  Ernest,  elected  member,  3. 
Grasty,  J.  S.,  on  potash  as  a  blast-fomaoe  by-product,  651. 
Gray,  G.  Watson,  and  James  Smith— 

Paper  on  '*  The  estimation  of  phosphorus  in  the  presence  of  tungsten^"  585. 

appointed  scrutineer,  1. 

Gray,  T.,  on  coking  coal  in  Scotland,  639. 
Greaves,  H.  A.,  on  eleotric  furnace  practice,  666. 
Greek,  G.  W.— 

Paper  on  "  Manufacture  and  working  of  high-speed  steel."     See  Andrew, 
J.  H. 

on  macro-etching  and  macro -printing,  296. 

on  molecular  constitutions  of  high-speed  tool  steels,  421. 

Greiker,  Adolphe,  the  late,  replica  of  Bessemer  Medal  awarded  to  family  of,  8. 
Greiner,  Leon — 

Paper  on  "  Belgian  iron  and  steel  industry  during  the  German  Oeoupation 
in  the  Great   War,"  ^.^Di^vssion  :    President  (E.  Schneider),   44 ;    A. 
Cooper,  44 ;   F.  W.  Harboid,  44 ;  R.  Mather,  45. 
Gresty,  Colin,  elected  associate,  6. 
Grimshaw,  B.,  on  mixing  foundry  core  sand,  669. 

Grotts,  F.,  on  heat  treatment  of  metals  used  in  aeroplane  construction,  674. 
Gruoan,  J.  F.,  on  chrome  sands  on  the  Pacific  Coast,  624. 
GuiLLET,  L.,  on  French  steel  industry  during  the  war,  702. 


Hadidbli),  Sir  B.,  on  large  steel  castings,  66S. 

on  occlusion  of  gases  in  metals,  689. 

on  X-ray  examination  of  metals,  690. 

speech  at  Dinner  by,  605. 

Hagan,  G.  T.,  on  reheating  furnaces,  672. 
Haobr,  D.,  on  petroleum  mining,  643. 
Hall,  A.  £.,  on  fusing  temperature  of  ash,  635. 
Hall,  J.  H.,  on  physical  tests  of  rolled  steel,  685. 
Hallimokd,  a.  F.— 

Paper  on  "  The  acid  hearth  and  slag."     See  Whiteley,  J.  H. 
Hamilton,  W.  B.,  on  gas  from  oU  wells,  643. 
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Hammond,  Charles  F.,  elected  memher,  3. 

Haket,  M.,  on  manganese  oie  in  United  States,  622. 

Haitley,  H.  B.,  on  preparation  of  foundry  sand,  659. 

Hanson,  D. — 

Ta/pet  on  "  Improvements  in  the  caBe-hardening  process,"  383.  Part  I. 
Theoretioa],  384.  Part  II.  Experimental  and  practical,  396.  Summary, 
400.— DwcfWffton :  W.  Rosenhain,  402  ;  F.  Rogers,  403 ;  C  H.  Smith,  403  ; 
D.  Hanson  and  J.  E.  Huist  (ft^)t  404. 

Habbobd,  F.  W.,  on  Belgian  iron  and  steel  industry  and  the  Qroat  War,  44. 

on  modem  steel  metallurgy,  193. 

•  on  use  of  pulverised  coal,  123. 

Habbbb,  £.  C,  on  iron  ore  in  Brazil,  620. 

Habnbokeb,  K.,  on  phosphorus  etching  reagent,  690. 

Habpstbb,  W.  C,  on  combustion  of  lignite,  636. 

Harbison,  A.,  on  briquetting  of  steel  turnings,  659. 

Haicbison,  J.  H.,  on  use  of  pulverised  coal,  122. 

Habvet,  Arthur  Hounsell,  elected  member,  3. 

Habvby,  Li  C. — 

Fofpear  on  "  Use  of  pulverised  coal,  with  special  reference  to  its  application 
in  metallurgy,"  47 ;  advantage  of  using  coal  in  powdered  form,  62  ;  curves 
of  combustion  efficiencies,  &c.,  65 :  general  considerations  relating  to  success- 
ful application  of  pulverised  fuel,  67 ;  systems :  "  Holbeck "  (Bonnet) 
system,  75,  75;  "  Quigley "  systems,  78;  "Fuller"  system,  82;  "Berg- 
man "  system,  84 ;  "  Covert  "  system,  85 ;  "  Aero  "  system,  87 ;  "  Stroud  " 
system,  89;  Locomotive  Pulverised  Fuel  Ck).'s  and  Powdered  Goal  En- 
gineering Co.'s  systems,  90;  applications,  90;  lignite,  pitch,  and  colloidal 
oil  as  fuels  for  metallurgical  purposes,  112;  results,  113;  bibliography  of 
recent  acticles  on  powdered  coal,  116. — Discussion :  B.  Talbot,  120 ;  G. 
Carrington,  120 ;  H.  Louis,  121 ;  H.  M.  Ridge,  121 ;  J.  H.  Hanison,  122  ; 
W.  H.  Hatfield,  122  :  H.  H.  Hayes,  123  ;  F.  W.  Harbord.  123 ;  J.  E.  Fletcher, 
123 ;  Sir  Wm.  Beardmore,  121 ;  W.  Savage,  124 ;  E.  B.  Christmas,  124 ; 
A.  Hutchinson,  125;  L.  C-  Harvey  (reply),  125. — Correspondence:  B. 
Yaneske,  128 ;  L.  C.  Harvey  {further  reply),  129. 

on  use  of  pulverised  coal,  636. 

on  use  of  pulverised  fuel  in  puddling  furnaces,  636. 

elected  member,  3. 

Hatfield,  W.  H.,  on  high-speed  steel,  339. 

on  macro-etching  and  macro-printing,  287. 

on  use  of  pulverised  coal,  122. 

Hates,  H.  H.,  on  use  qf  pulverised  coal,  123. 

Haynes,  Jerome  King,  elected  member,  3. 

Hazlbdene,  F.,  on  welding  processes,  677. 

HeatoN,  T.  T.,  on  electric  welding,  678. 

Hem^bch,  G.  a.,  on  flame  and  furnace  spectra  of  iron,  696. 

Henbebson,  C,  on  application  of  electric  welding  to  shipbuilding,  678. 

Hbndbikson,  N.  £.,  on  manufacture  and  testing  of  spring^,  676. 

Hebbebt,  Ivor,  elected  member,  3. 

Hebold,  S.  C,  on  petroleum  in  the  Argentine-Bolivian  field,  643, 

HiCKUNO,  on  geology  of  the  Inncashire  coal-field,  638. 

Hilton,  Herbert,  elected  member,  3' 
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HoBABT,  H.  M.»  on  welding  mild  steel,  601. 
Hoi>080K,  Riohard  Bowness,  elected  member,  3. 
HoDOSOK,  Roland,  elected  member,  3. 
HoLDXN,  A.,  on  electrodes  for  steel  fninaoes,  667. 
HouJNGWOBTH,  R.  V-,  On  coke-oven  gas,  641. 
Houc,  H.,  on  coking  of  peat,  641. 
HOKDA,  K.— 

Faptf  :  "  On  the  non-albtropici  nature  of  the  A2  traDsformation  in  iron," 

467. —Correspondence :  H.  M.  Howe»  466 ;  A.  McGanoe,  465 ;  G.  Benedicks, 

466. 
Hopkins,  George  A.,  elected  member,  3. 
HoBiTEB,  J.,  on  patterns,  659. 

Hobnob,  H.  A.,  on  application  of  cleotrio  welding  to  shipbuilding,  678. 
HowABD,  J.  E.,  on  stresses  in  steel  zails,  686. 
Howx,  Henry  M.— 

Paper  on  "  Work  df  the  Engineering  Division  of  the  National  Reoeaxch 

Gonnoil,  ^Washington,  U.S.A,"  183.— DMGVMum :  H.  M.  Howe,  137 ;    W. 

Rosenham,  137 ;  T.  Tuner,  138 ;  F.  G.  Gottrell,  139 ;  H.  Louis,  140  ;  H.  M. 

Howe  {reply),  141. 
■  on  the  non-allotropio  nature  of  the  A2  transformation  in  iron,  457. 


•  on  the  acid  hearth  and  slag,  246* 
.  on  high-speed  steel,  337. 


•  on  manufacture  of  files,  379. 


Howl,  J.  A.,  on  oonstituentB  of  fireolays,  626. 

Howx,  R.  M.,  on  influence  of  slag  temperature  on  refractories,  633. 

HoYT,  8.  L.,  on  manganese  alloys  in  open-hearth  practice,  662. 

— ^—  on  static,  dynamic,  and  notch  toughness,  684. 

Hin>80N,  Major  Noel,  elected  member,  3. 

HuiorBBY,  J.  C  W.— 

Paper  on  "Macro-etching  and  macro-printing,"  273;  printing,  S79: 
interpretation  of  the  etchings,  280 ;  examples,  282. — DUcuseion :  A. 
Mo  William,  287 ;  W.  H.  Hatfield,  287 ;  J.  H.  Whiteley,  288 ;  W.  Rosenhain. 
289 ;  J.  E.  Stead,  292  ;  E.  H.  Sanitcr,  292 ;  H.  H.  Ashdown,  293 — Gorre- 
spondenee  :  J.  H.  8.  Dickenson,  294 ;  0.  W.  Ellis,  295 ;  G.  W.  Green,  296 : 
N.  P.  P.  Sandberg,  299 ;  E.  H.  Sumner,  299 ;  J.  C  W.  Humfrey  (rep^),  300. 

Httbbt,  J.  E. — 

Paper  on  '*  Improvements  in  the  case-hardening  process.'*  See  Hanson,  D. 

HuTOHiNSON,  A.,  on  use  of  pulverised  coal,  125. 

Hutchinson,  Fred  Roland,  elected  member,  3. 


I. 

Ibbotson,  F. — 

Paper  on  "  Molecular  constitutions  of  high-speed  tool  steels  and  their 
correlations  with  lathe  efficiencies."    See  Arnold,  J.  0. 
Ilunqwobth,  G.  B.,  on  estimation  of  uranium,  701. 
Ibwin,  Charles  Armstrong,  elected  member,  4. 
Isaac,  Sidney  Russell,  elected  member,  4. 
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Jackson,  Ih,  on  welding  prooesses,  676. 

Jaokson,  Stanley  Alexander,  elected  assooiate,  6. 

Jaynb,  James  Henry,  elected  member,  4. 

Jbttbiss,  Z.,  on  grain  size  and  mechanical  properties  of  metals,  691. 

JjEBHAiK,  William  Morgan,  elected  member,  4. 

Jkweix,  William  Ralph,  elected  member,  4. 

Jo,  Masatoshi,  elected  member,  4. 

JoHNS^  Cosmo,  on  ooolosion  of  gases  in  metals,  689. 

— *—  on  surface  tension  of  liquid  steel,  696. 

Johnson,  Gharies  Moms,  elected  member,  4. 

■  on  estimation  of  phosphorus,  700. 

Johnstons,  S.  J.,  on  molybdenum,  624. 

JoNBS,  Frederick  George,  elected  member,  4. 

JoNBS,  Gethin,  elected  member,  4. 

JoNGH,  W.  H.  D.  de,  on  iron  ore  in  Holland,  619. 


Kaysbb,  J.  F.,  on  high-speed  steel,  342. 

on  molecular  constitutions  of  high-speed  tool  steels,  433. 

KXBNBY,  Robert  Mayo,  elected  member,  4. 

Khilhaok,  K.,  on  iron  ore  in  Belgium,  618. 

KxLiiKB,  J.  F.,  on  steel,  its  selection  and  treatment,  674. 

Kblley,  G.  L.,  on  estimation  of  uranium,  701. 

KxNDALL,  J.  B.,  on  formation  of  ore  deposits,  616. 

Kennedy,  R.  S.,  on  electric  welding,  677. 

Kent,  H.  A.,  on  occlcudon  of  gases  in  metals,  689. 

Kershaw,  J.  B.  C,  on  fuel  economy,  637. 

KncBBB,  H.  G«,  on  speeding  up  metallurgical  analyses,  701. 

KiiEiN,  H.,  on  iron  industry  of  the  Ukraine,  703- 

E^Nox,  G.,  on  coal  washing,  645. 

Knox,  H.  G.,  on  nomenclature  of  electric  welding,  679. 

Knotlb,  William  Leonard,  elected  associate,  6. 

Krsisingbb,  H.,  on  combustion  of  lignite,  636. 

Kbusch,  p.,  on  iron  ore  in  Germany,  618. 

Kttosss,  A.,  on  blast-furnace  charging  hoist,  650. 


Lanky,  F.  B.,  on  flaky  and  woody  steel,  692. 
Lb  Ohateldcb,  H.,  on  heterogeneity  of  steel,  690. 

on  manufacture  and  testing  of  silica  bricks,  629. 

Lbs,  Wee  Kua,  ele  ted  member,  4. 

LssT.TS,  Robert  Macbeth,  elected  member,  4. 

on  definition  of  hardness,  683. 

Lewis,  E.  H.,  on  use  of  blast-furnace  slag  for  reinforced  concrete,  654. 
Lewis,  John  Samuel,  elected  associate,  6. 
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Lewis,  Gapt.  William  Edmund  Jenkyn,  elected  mem'ber,  4. 

LiNBABaBB,  S.  C>,  on  carborundum,  627. 

LmoOLN,  J.  F.,  on  electric  wttldlng,  678. 

Jasooux,  B.  B.,  on  pyrometry,  635. 

Lendbmttth,  FranciB  Lloyd,  elected  member,  4. 

Lnn>OBBN,  W.,  on  iron  ore  in  Scandinavia,  619. 

Lloyd,  Richard,  elected  member,  4. 

LoBLBY.  Henry  D.,  elected  member,  4. 

LooKLBY,  Herbert  Hirst  liimbert,  elected  member,  4. 

LoNBBOAN,  J.,  on  electric  steel  furnace  practice,  666. 

LoNss,  John  Hunt,  elected  member,  4. 

Loins,  H.,  on  use  of  pulverised  ooal,  121. 

on  work  of  U.S.  National  Research  Council,  140- 

LouKSBBBBY,  F.  B.,  ou  manufacture  of  high-speed  steel,  667. 
LuKDBBBG,  C,  on  electric  steel  foundry  in  America,  668. 

M. 

MoBain,  J.  W.,  on  occlusion  of  gases  in  metals,  689. 
McGArFBBY,  R.  S.,  on  acid  Bessemer  practice  in  America,  661. 
McCakob,  a. — 

Paper    on    "The  carburisation  of  iron  at   low  temperatoree,**   437.— 

Correapondence :   H.  C  H.  Carpenter  and  C   Coldron  Smith,   442 ;    J.  E. 

Fletcher,  444 ;  A.  McCance  {reply),  446. 

on  the  acid  hearth  and  slag,  244. 

on  influence  of  the  rate  of  cooling  on  the  hardenihg  of  carbon  steels,  560. 

on  the  non-allotropic  nature  of  the  A2  transformation  in  iron,  466. 

on  occlusion  of  gases  in  metals,  689. 

MacGuffte,  D.  D.,  on  steel  foundry  practice,  667. 

MoHaboub,  J.  S.,  on  effect  of  manganese  in  slag  as  a  fertiliser,  654. 

MoLbak,  Thomas,  elected  member,  4. 

McMasteb,  Ross  H.,  elected  member,  5. 

Maofhbbson,  G.  W.,  on  petroleum  mining,  643. 

Mc William,  A.,  on  macro-etching  and  macro-printing,  287. 

on  influence  of  elements  on  tenacity,  708. 

Mahlkr,  A.,  on  pyrometry,  635. 

Mahon,  J.  J.,  on  physical  tests  of  rolled  steel,  685. 

Maxit,  S.  a.,  on  X-ray  examination  of  metals,  690. 

Malinovsky,  a.,  on  refractory  materials,  628. 

MALiiOCK,  A.,  on  colours  of  tempered  steel,  674. 

Mabshall,  F.  D.,  on  low  temperature  carbonisation  of  coal,  640. 

Mabshall,  Sir  Horace  (Lord  Mayor),  speech  at  Dinner  by,  591. 

Mabtin,  Francis  Grimshaw,  elected  member,  5. 

BCatheb,  R.,  on  Belgian  iron  and  steel  industry  and  the  Great  War,  45. 

Maykb,  L.,  on  microstructure  of  tinplate,  694. 

Mayo,  H.  T.,  on  geology  of  the  Persian  oil-fields,  642. 

Mbllob,  J.  W.,  on  corrosive  action  of  flue-dust  on,  632. 

Mbrgeb,  R.  G.,  on  cL^ctric  furnace  practice,  665. 

Meyer,  H.  C.,  on  ferro-zirconium,  697. 

on  zirconia,  627. 
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MnjJEB,  8.  W.,  on  path  of  rupture  in  steel  fusion  welds,  679. 

Mills,  Frederick,  elected  member,  5. 

MnjJNOTON,  W.  E.  W.,  on  miorostructure  of  steel,  692. 

MoFTXTT,  F.  J.,  on  electric  furnace  practice,  666. 

MoNTGOMKBY,  R.  J.,  On  mauufcictuTe  of  silica  bricks,  631. 

Moody,  Chester  Sherman,  elected  member,  5* 

MooBB,  E.  S.,  on  iron  ore  in  Oanada,  616. 

MooBB,  H.  F.,  on  effect  of  cold  working  on  fatigue,  686. 

MoTTRAM,  G.  W-,  on  manufacture  of  firebricks  from  non-plastic  material,  62S 

MuLST,  F.,  on  blast-furnace  practice,  647. 

Mysbs,  F«  6.,  on  estimation  of  uranium,  701. 

N. 

Nbal,  R.  0.,  on  petroleum  mining,  643. 
NiUMANN,  B.,  on  base  metal  industry,  703. 

on  sUg  cement,  654. 

Newtoh,  E.,  on  manganese  ore  in  United  States,  622-623. 

o. 

OviKO,  Herman  Ellens,  Jun.,  elaoted  member,  6. 

f 
P. 

Paige,  S.,  on  iron  ores  of  Alsace-Lorraine,  618. 

Pain,  A.  A.,  on  oonosion  of  metsls  by  acids,  698. 

Pardee,  J.  T.,  on  manganese  ore  in  United  States,  621. 

Pabish,  H.  C,  on  speeding  up  metallurgical  analyses,  701. 

Pabxs,  H.  M.,  on  manganese  ore  in  the  United  States,  621. 

Paton,  D.,  on  coke-oven  practice,  640. 

Patbzek,  J.,  on  coal  in  Poland,  639. 

Pauly,  K.,  on  rating  of  rolling-mill  motors,  670. 

Peakman,  Percy,  elected  member,  6. 

Pettuohn,  B.,  on  estimation  of  oxygen  in  iron  and  st-eel,  700. 

Philipok,  on  manufacture  of  silica  bricks,  630. 

Phillips,  H.  J.,  on  estimation  of  sulphur,  701. 

PnxiNG,  H.,  on  wear  and  tear  of  large  gas-engines,  645. 

Plbtsoh,  L.,  on  sheet  iron  manufacture  in  South  Russia,  671. 

PoBTEB,  A.  W.»  on  occlusion  of  gases  in  metals,  689. 

PoBTBViN,  A.  M.,  and  M.  Gabvut— 

Paper  on  "The  experimental  investigation  of  the  influence  of  the  rate 
of  cooling  on  the  hardening  of  carbon  steels,"  409.  Part  I.  Experimental 
investigation  of  the  cooling  of  different  metals  by  immersion  in  water,  469 : 
mode  of  using  the  thermocouples,  470 ;  conditions  necessary  to  secure  correct 
records,  477 ;  description'  of  experimental  arrangements,  480 ;  conduct  of 
the  experiments,  487 ;  examination  of  the  experimental  results,  489 ;  con- 
clusions to  be  drawn  from  the  foregoing  results,  497*  Part  11.^  Experimental 
investigation  of  the  quenching  of  carbon  steel,  502 ;  introduction  and  enun- 
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datdon  of  the  problem,  502 ;  experimental  oonditions,  506 ;  oonoepHcm  o! 
the  oritioal  rates  dt  cooling,  511 ;  influence  of  the  chemical  composition  oc 
the  critical  rate  of  quenching,  528 ;  influence  of  the  initial  tempertttnxe  of 
rapid  oooUng  on  the  critical  rate  of  quenching,  531 ;  qnenchinga  of  limited 
dmration,  537 ;  effect  of  the  crystalline  particles  on  the  critical  qtienchins 
rate  and  its  conqpqnences,  546 ;  conclusions,  548-  Appendices  :  Note  on 
the  influence  of  the  internal  evolution  of  heat  on  the  duration  of  ooolinz. 
552;  temperature  of  the  starting  of  cracks,  553;  experiments  on  specinl 
steels,  564 ;  influence  of  pressure  on  the  formation  of  troostite,  555. — Correjf- 
pondence :  A.  McCance,  560-  • 

POBTEviK,  A.  M.,  on  internal  stresses  in  steel,  685.  % 

Pbxntiss,  F.  L.,  on  ore  storage  at  blast-furnaces,  651. 

Pbhtglb,  J.,  on  natural  ga<  in  England,  644. 

Putnam,  W.  J.,  on  effect  of  cold  working  on  fatigue,  686. 


E. 

Bamf,  F.  B.,  on  cupola  practice,  657. 
Ransom,  B.  S.,  Jun.*,  on  estimation  of  tungsten,  701. 
Basson,  E.,  on  phosphorus  etching  reagent,  690. 
Babtall,  B.  H.,  on  genesis  of  tungsten  ores,  625. 
Bawdok,  H.  S.,  on  flaky  and  woody  steel,  693. 
on  microstmoture  of  steel,  691. 


on  microstruoture  of  wrought  iron,  693.   - 

Besfondxk,  G.,  on  application  of  BGntgenrays  to  the  examination  of  metals,  680. 
BiGHABDS,  J.  W.,  on  manufacture  of  ferro-alloys,  667. 

on  Shimer  case-hardening  process,  673. 

RiOHABDSON,  G.  A.,  on  heat  treatment  of  steel  for  gears,  674. 

BiDOB,  H.  M.,  on  use  of  pulverised  coal,  121. 

BiGBT,  E.  G.,  on  electric  welding  with  covered  electrodes,  678. 

BiTOHiE,  A.  E.,  on  coal  in  Kent,  638. 

BoBSBTS,  H.  W.,  on  manganese  and  open-hearth  rails,  687. 

BoBBBTSON,  Erederiok  Duncan  Struan,  elected  member,  5. 

BoBBBTSON,  W.  F.,  on  corrosion  of  wire  ropes,  699. 

BoBEBTSOK,  W.  H.  A.,  on  rolling-mill  design,  670. 

BooBBS,  F.,  on  the  acid  hearth  and  slag,  243. 

on  deoxidation,  and  the  influence  of  lime  on  equilibrium  in  the  Aoid  open- 

hearth  furnace,  271. 

on  high-speed  steely  341. 

on  improvements  in  the  case-hardoning  process,  403. 

on  manufacture  of  files,  378. 


■  on  modem  steol  metallurgy,  196. 


BosB,  Ueut.  William  Henry,  elected  member,  5. 

BosBNHAiK,  W.,  on  improvements  in  the  case-hardening  process,  402, 

on  macro-etching  and  macro-printing,  289. 

on  work  of  U.S.  National  Besearch  Council,  137. 

BussBLL,  A.,  on  chromite  in  the  Shetlands,  623. 
BussELL,  John,  elected  member,  45. 
BussBLL,  Thomas  Francis,  elected  member,  5. 
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SAHUETy  A.,  on  electric  furoaoe  of  special  type;  663. 

SAnrr-SiOTHy  E.  C,  on  iron  ore  in  Australia,  618. 

SAinoBBBO,  N.  P.  P.,  on  macro-etohing  and  macro-printing,  299. 

Sanfottrohb,  a.,  on  the  A4  transformation  point  in  iron  and  silicon  iron,  695. 

Sanitxb,  E.  H.,  on  the  acid  hearth  and  slag,  243. 

on  macro-etching  and  macro-printing,  292. 

Savaqb,  W.,  on  low  temperatore  carbonisation  of  coal,  640. 

Saybbs,  H.  B.,  on  electric  welding,  677. 

Saybbs,  H.  M.,  on  illnmination  of  miorographic  specimens,  694. 

SoHUNK,  F.  J.,  on  instrumental  indication  of  resilience,  685. 

iScHNEZDEB,  £.,  ou  Belgian  iron  and  steel  industry  and  the  Great  War,  44. 

presentation  of  freedom  of  Blacksmiths'  Company,  10. 

(President),  speech  at  Dinner  by,  592. 

on  X-ray  examination  of  metals,  690. 

ScHWABTZ,  H.  A.,  on  physical  properties  of  malleable  castings,  683. 

Scott,  H.,  on  influence  of  rate  of  temperature  change  on  transformations  of 

alloy  steel,  695. 
SooTT,  Major  Henry  Granville,  elected  member,  5. 

on  blast-furnace  practice,  647. 

SooTT,  W.  6.,  on  electric  reheating  fumaoe,  672. 
Sbbly,  Major-General  J.  E.  B.,  speech  at  Dinner  by,  607. 
SbioIiB,  J.,  on  composition  of  blast-fumaoe  gases,  650. 

on  gas-producer  practice,  644. 

on  the  grading  of  pig  iron,  649. 

on  tests  of  cast  iron,  682. 

Sbllbok,  T.,  on  case-hardening,  673. 

Selyiq,  W.  a.,  on  fusing  temperature  of  ash,  635. 

on  moisture  ia  coke,  640. 

Shaw,  B.^  on  castings  used  in  ship  construction,  660. 

Shbfhbbd,  Benjamin  Pranklin,  elected  member,  5. 

Shbblogk,  G.  0.,  on  accidents  in  foundries,  660. 

SiNOTON,  T.,  on  search  for  petroleum  in  the  United  Kingdom,  642. 

SiBOViOH,  G.,  on  use  of  silioo-manganese  in  steel-making,  662. 

Smabt,  B.  J.,  on  miorostructure  of  steel,  691. 

Smith,  C.  Coldron,  on  carburisation  of  iron  at  low  temperatures,  442. 

Smith,  0.  H.,  on  improvements  in  the  case-hardening  process,  403. 

Smith,  James — 

Ta/per  on  "  The  estimation  of  phosphorus  in  the  presence  of  tungsten." 

jSfee  Gray,  G.  Watson. 
Smith,  J.  B.,  on  electric  welding,  677. 
Smith,  Richard  Tilden,  elected  member,  5. 
Sombbs,  F.,  on  steelworks  equipment,  663. 
SoMBBS,  B.  E.,  on  constituents  of  fireclays,  626. 
Spekobb,  a.  0.,  on  irou  ore  in  France,  618. 
Squibb,  Edward  Samuel,  elected  associate,  7. 
Stadelbb,  a.,  on  alumina  inclusions  in  steel,  691. 
Stago,  Howard  J.,  Jun.,  awarded  Carnegie  Scholarship,  11. 
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Stago,  Howard  J.,  Jan.,  on  high-speed  steel,  341. 
Stansfield,  a.,  (XL  electric  smelting  of  iron  ore,  648. 
Stbad,  J.  £.»  on  the  aoid  hearth  and  slag,  245. 

on.  macro-etching  and  macro-printing,  292. 

on  manufacture  of  files,  380. 

on  modem  steel  metallurgy,  195. 

-: on  use  of  blast-furnace  slag  for  reinforced  concrete,  654. 

Stsiobb,  G.,  on  precipitation  of  zirconiom  phosphate,  698. 
Stephenson,  Harold,  eleoted  associate,  7. 
Stobdb,  v.,  on  electric  furnace  practice,  666. 
Stopes,  M.  C,  on  composition  of  coal,  637. 
Stbahan,  Sir  a.,  on  natural  gas  in  England,  644. 
on  cannel  coal,  638. 


on  Kimmeridge  oil  shale,  642. 

on  lignite  in  England,  638. 

on  search  for  petroleum  in  the  United  Kingdom,  642. 

Stttbtevant,  J.  T.,  on  electrically-driven  rolling-mills,  670 
Suhneb,  E.  H.,  on  macro-etching  and  macro-printing,  299. 
SuzxTKi,  on  iron  and  steel  industry  in  Japan,  703. 
SwAUDBB,  F.  B.,  on  manufacture  of  shells,  676. 
SwANN,  T.,  on  manganese  ore  in  United  States,  622. 
SwAKSOK,  E.  B.,  on  steel  foundry  practice,  658. 


Talbot,  B.,  on  modem  steel  metallurgy,  192. 

on  use  of  pulverised  coal,  120. 

Tawaea,  K.,  and  G.  Asahaba— 

Paper  on  "  Graphitisation  in  iron-carbon  alloys,"  .565 ;  introduction,  565 ; 

experiments,  565.'-~Correspondence :  E.  Adamson,  581 ;  J.  B.  Fktchar,  582. 
Taylob,  George,  eleoted  member,  5. 

Paper  on  "  Some  points  in  the  manufacture  of  files,"  345 ;   steel,  345 ; 

forging,  348 ;    annealing  and  straightening,  852 ;  grinding,  359 ;    cutting, 

363;    hardening,  376.— i>MCti*«on  .•    H.  M.  Howe,  379;    T.  Baker,  379; 

F.  Rogers,  379 ;  J.  E.  Stead,  380 ;  G.  Taylor  (reply),  381. 
Teasdaub,  Thomas  Bonnor,  eleoted  member,  6. 
Thaokbat,  G.  E.,  on  pressed  steel  wheels,  676. 
Thxokbns,  David,  elected  member,  5. 
Thomas,  Albert,  elected  member,  5. 
Thomas,  Alfred  John  Leslie,  eleoted  associate,  7. 
Thompson,  F.  C,  on  surface  tension  effects  in  high-speed  steels,  429. 
Thobne,  T.  L.,  on  manuffMture  of  high-speed  steel,  667. 
Thum,  E.  E.,  on  welding  high-speed  steel,  680. 
TiNSLBy,  Matthew  Ralph,  elected  member,  5. 
Tbaeb,  G.  W.,  on  low  temperature  carbonisation  of  coal,  641. 
Tbbisohel,  C,  on  enamelHng  steel,  681. 
Tbbvob,  T.  G.,  on  nickel  ore,  624. 
Tbillat,  a.,  on  manufacture  of  ferro-cerium,  668. 
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Tbinxs,  W.,  on  heating  and  annealing  furnaces,  676. 
TRiTifFBB,  Thomas  William  Walwyn,  elected  member,  5. 
TuBNBULL,  B.,  on  electric  smelting  of  iron  ore,  649. 
TuBNEE,  T.,  on  malleable  cast  iron,  660. 

on  modem  steel  metallurgy,  194. 

on  work  of  U.S.  National  Research  Connoil,  138. 

TwYVAM,  T.,  on  modem  steel  metallurgy,  193. 


Ukwin,  W.  C,  on  determination  of  hardness,  684. 


VAin)BLBUB,  lieut.-CoI.  Henry  Martley»  elected  member,  5. 
VsNTOir,  Horace  William,  elected  member,  5. 
VooEL,  J.  L.  Y.,  on  production  of  tungsten,  668. 
VoGBL,  R.,  on  manufacture  of  ferro-cerium,  669. 
VooRHSBs,  Edward  C,  elected  member,  5. 


w. 

Wabanabi,  Saburo,  elected  member,  6. 

Waonbb,  p.  a.,  on  corundum,  628. 

on  South  African  iron  industry,  652. 

Walkeb,  Edwin,  elected  member,  Oi 

Wanq,  C.  T.,  on  charging  iron  in  a  blast-furnace,  649. 

Watson,  T.  L.,  on  crystallography  of  manganese  ores,  623. 

Watts,  0.  P.,  on  corrosion  of  metals  by  acids,  698. 

Wbld,  C.  M.,  oa  iron  ore  in  Cuba,  621. 

Wells,  George  William,  elected  member,  6. 

Whbxlbb,  B.  v.,  on  oxidation  of  coal,  638. 

Whxbbt,  E.  T.,  on  crystallography  of  manganese  ore,  623. 

Whipple,  N.  D.,  on  corrosion  of  metals  by  acids,  698. 

Whttelby,  J.  H.,  and  A.  F.  Hallmokd — 

Paper  on  "  The  acid  hearth  and  slag,"  199.  Part  I.  Microstmcture  and 
mineral  composition  of  acid  slags,  199 ;  minerals  occurring  in  acid  slags, 
209 ;  description  of  microstmcture  of  slags,  206 ;  ternary  diagram, 
FeO-MnOg-SiOt,  209  ;  slags  containing  lime,  213  ;  stmcture  of  reheated 
acid  slags,  213 ;  stmcture  of  quickly  cooled  slag  samples,  214.  Part  II. 
The  add  hearth,  216.  Part  III.  The  molten  slag,  223.  Summary, 
240.— DMOttMvm  ;  E.  H.  Saniter,  243  ;  F.  Rogers,  243  ;  A.  McCance,  244  ; 
J.  E.  Stead,  245.— Correspondence  ;  H.  M.  Howe,  246  ;  J.  E.  Fletcher,  247  ; 
B.  Taneske,  250  ;  Whiteley  and  Hallimond  (rej)Zy),  251. 

on  macro-etching  and  macro-printing,  288. 

Whitteld,  Hubert  Edwin,  elected  member,  6. 

WHrmBB,  E.  S.,  on  black-finishing  of  iron  and  steel,  671. 
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Wn>DAS,  Southern,  eleotod  member,  6. 

WiLOOX,  TV.  G.,  on  the  bomiiig  of  pnlTeriaed  coal,  636. 

on  poesibilitieB  of  powdered  ooal,  636. 

WnxJAHs,  Leslie  B.,  on  prodnoer-gas  from  wood,  646. 
Wn.T.TAifB,  T>^lIJam  Ellis,  elected  member,  6. 
WrLLiAMsoN,  Thomas  OgilYie,  elected  member,  6. 
Willis,  F.  TV.,  on  determination  of  hardness,  684. 
WiLSOK,  Oapt.  Arthur  Kingsford,  elected  member,  6. 
Wilson,  H.  A.,  on  iron  ore  in  Newfoundland,  617. 

■     on  iron  ore  supplies  for  Scottish  iron  trade,  702. 
WiLSOir,  Robert  Martill,  elected  member,  6. 
Wisx,  S.  W.,  on  standardisation  of  foundry  practice,  657« 
Wolff,  W.,  on  lignite  in  Asia  Minor,  639. 
Woods,  Roland,  elected  member,  6. 
WooLDBiDOi,  William  John,  elected  membec  6. 
WoBSALL,  Stanley,  elected  member,  6. 
Wbxoht,  Ronald  Blythe,  elected  associate,  7. 


Tavxskx,  B. — 

'  l^a/per  on  ^  Deozidation,  and  the  influence  of  lime  on  equilibriu 
acid  open-hearth  furnace,*'  255 ;  promotion  of  equilibrium  by  the  useil 
stone,  256 ;  effect  of  an  excessive  addition  of  lime,  262  ;  ooaolnsiQ 
Oorreapondence :  F.  Rogers,  271 ;  B.  Taneske  (reply),  271. 

on  the  add  hearth  and  slag,  250. 


-  on  modem  steel  metallurgy,  196. 
.  on  use  of  pulyerised  coal,  128. 


Yeadok,  J.  A.,  on  coal  briquetting,  64:6. 
YouKO,  H.  J.,  on  tests,  of  cast  iron,  682. 


ZiMMXBSomxD,  K.  W.,  on  causes  of  failure  in  steel,  687. 
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